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Introductory. 

The data for the following paper wa.s gathered in a series of 
three expeditions made into the states of Parahyba and Rio Grande 
do Norte. The actual time consumed in collecting the material 
dated from the latter part of Alarch. 1912. until the middle oT 
^ebrnary, 1 91 3. The writer was sent into the held by the Brazilian 
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governnient to inw^tigate the practicahiliiv of ilrilling wells and 
procuring- u ater througliout the two states mentioned above. The 
notes on the geologv were tn;t<le in e'oiinection with and as a ipart of 
that work. 

The toiiograjjhy of Ikirahyha and Rio Grande <io A'orte i.^ not 
one of striing- contrasts. 1 here are no great moitnttiiii ranges and 
no large rivers. Iji tact there is not a .■-iiigie stream in either state 
that c;in be depeiiiled upon to thnv din-ing the entire vear. The 
climate, for the most part, is hot and dr;. — a somewhat unexpected 
phenomenon for a reg-ion in 5 tiegrees soutli Latitttde. 'J'he rain- 
fall is irregular, being copious one year while the next it may fail 
entirely. [Moreover, it is seldom di.'tributcd over a con-iJerahle 
time or area, but is more likely to fall locally in a torrent, and then 
after a dry period of weeks, there is another torrent. 

The states of P;irali;-l.ia and Rio Grande do Xorte have com- 
paratively few inhabitants and their siruggle for life during the 
last joo years forms one of the epics of South America. Driven 
from their homes time after time by thirst and hunger, they have 
always returned and tire ^u!l in the .'ertao.^ emluring untold piriva- 
tions and waiting with inhiiite patience the arrivtil of happier times. 

The topography of tlie accompanying map is based on the 
'■ [Mappa dos Estados do Cenra, Rio Grande do Xorte e Parahyba,'’ 
by PI. E. Williams and R. Crandall. With the e.xception of the 
coastal sediments south of Xatal. which are shown according to 
J. C. Branner, the geology is the writer's own work. The region 
covered is an extensive one and the \vork was done by means of 
hor.-eback meanders, a pedometer, pocket compass, aneroid, and 
hand level. In general, however, the geological areas shown are 
accurate within the map scale used. 

The writer wishes to acknowledge his indebtedne.ss to Professors 
J. C. Branner. Orville A. Derby, and to Dr. AI. Arrojado Lisboa, 
for valuable help and suggestions. Among the paper.-, consulted, 
two were found to be of especial value, namely, The Geology of 
the Xorthcast Coast of Bra;;il,’’ hy J. C. Branner and ‘‘ Gcographia, 
Geologia, Supprimento d'Agna, Transporte--, e .\cu(iagem,” bv 
Rodcric Crandall. 

1 ■■ .Scrt.iu ’■ is the won! u.sed in nc)rthea.--tern Brazil to denote the back 
countre- or tlie interior. 
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Topography. 

The states of Tarahyba and Rio Grande do Norte form three 
general topographic divisions. The first is a zone of low coastal 
sediments of Cretaceous and Tertiary age. The second is a great 
plateau nhich rises from the western edge of the coastal plain and 
sweeps clctir across the two states thus embracing more than two 
thirds of tlieir area. The third division consists of a series of high 
serras which rise abruptly from the surrounding plain, and whose 
summits are often remarkablv flat. 



The coa.stal belt may be further divided into that part which 
inimediatelv adjoins the sea, marked by shifting sand-hills, low 
swamp)' areas overgrown with mangroves and by general poverty 
in vegetation ; and second, into the higher sedimentary land, the 
limestone and sandstone areas, usually covered by a dense caatinga- 
forest. This latter region includes the Chapadas of Apody and Sao 
Seba.‘:tiao, rich fertile regions almost uniidiabited. Ihe topography 
of this sedimentar}' region, as a whole, has a low relief, the only 
prominent features being the line of sand dunes which stretches 
along the coast (especially prominent in the vicinity of Natal), and 

- Caatinga is a Brazilian term for a low, brushy fore.st. 
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the low, plate;iu-like chapada.- mentioned ahovc. In the eastern part 
of Tarahtba the coastal sediments are scarred hy ^hort streams 
which have narrow, fertile vtdleys and .-teep hank', where erosion 
has cut deeply into the soft l)ed'. 

The plateau reunion can he descri!)ed hriefly a' a .yreal rullintt 
plain of hard, erysttilline rock, covered irreymlarly hy a growth of 
caatinga, dense or si)ar>e according to the chtiracier .and degree of 
decompiosition of the underlying rocks. It covers hy far the greater 
portion of the two states and ranges from an elevation of too meters 
near the contact tvith the sediments, to 300 meters further inland. 
It is in this region, locally known as the " alto sertao." that drought 
is most severely felt. 

Rising abruptly from this unduhuing plateau :ind tuttiining a 
height of from 500 to 600 meters, i' a series of scrras which form 
the only relief in the monotonous topogniphy. INIost marked of 
these serras is the Planalto de Borhorcma with a me:m elevation of 
about 500 meters, which reaches from the southern portion of Rio 
Grande do Xorte, clear across the central portion of Parahyba and 
forms a part of the boundary of that state with Pernambuco. In 
the vicinity of Campina Grande it has a width of more than 100 
kilometers but narrows to the north of there. The Serras Canna- 
brava, Jabitaca. Baixa Y'erde and Tei.xeira form a part of the 
boundary referred to above. 

From the Serra Teixeira there is a low line of mountains 
stretching away to the eastern jtart of Ceara. Some of the larger 
ones are the Serra ilellado. Serra Catharina and the Serra do Y'ital. 
There are several more, smaller and without names, significant only 
in that they form a part of a general structural feature. The 
Serra Santa Catharina is the most important of the mountains 
named and reaches a height of about 650 meters. To the north of 
this mountain line, beginning near Souza and stretching in a north- 
east direction almost to Catole do Rocha, i< a long mountain called 
the Serra Commissario. I did not cross this serra, but from a 
distance it appeared to be a scries of small buttes rather than one 
great mountain. 

Still further north of the Serra Commissario, and forming 
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a part of tiie division line between the states of Rio Grande do 
Xorte and Parahyba, is another mountain range. Beginning with 
the Serra,s S. Aliguel, Luiz Gomes, and Serra Padre, which mark 
the meeting point of the three states, Parahyba, Rio Grande do 
X'orte, and Ceani, and stretching away in an easterly direction are 
the Serras X’egra, Barrignda, Fur'ada, Path, and other minor ones. 
Between the end of this line and the northeast point of the Serra 
Borborema, here called Serra Alattos, lies the Serra Joao do Valle. 

All of the mountains or tablelands thus far mentioned are more 
or less similarly constructed, that is, they arise abruptly from the 
surrounding plain, are usually flat-topped and are composed entirely 
of crystalline rocks: some of them have a core of granite. Other 
than the more important serras whose names have been given there 
are many small isolated peaks or serrotes of granite and gneiss 
which rise irregularly and sharply out of a rolling, caatinga-covered 
plain. 

There is one other type of mountain found in these states illus- 
trated by the Serras Alartins. Porto Alegre, and Joao do A'alle. The 
Serra Joao do \'alle I did not visit but saw from a distance. Mr. 
Roderic CrandalP describes it as being of the same structure as the 
others named. These serras represent an unusual phenomenon. 
Thev rise abruptly from the plain of Rio Grande do Xorte, to 
an elevation of about 700 meters and their summits are remarkably 
flat-topped. The bulk of the mountains are composed of crystal- 
line rock, nearlv all schist with some gneiss, as is also the surround- 
ing country. But their summits are capped with sandstone, about 
50 meters thick. These three mountains, in so far as I have been 
able to determine, are peculiar in this respect. 


DR.^I^^^GE. 

The drainage everywhere in Parahyba and Rio Grande do Xorte 
flows to the east or northca.''t : in other words it takes the shortest 
course to the sea. Along the southern border of Parahyba the 
watershed marks the bounilary hetween that state and Pernambuco. 

Roderic Crandall, " Cco.erapliia, gfologia, supprimeiito d’agua. trans- 
portes. e acudagem,” page 6, Rio de Janeiro, 1910. 
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Of the various strea.ins the rivers Apody (or iMri-.-cim') , Assu, 
Ceara iMirim, and I’arahyha, are the most important, ihe Rio 
Tagtiaribe in the .'Oiithcrn part of Ceara nuj^ht al'<i he included, foi 
the territorv drained hy it is phy-ically the -aine ami has parsed 
through the same history as the adjoining region in Rio Cirande do 
Xorte. Xot a single stream in the entire territory umler considera- 
tion is perennial. Ihe reason for this is partly the >carcity and 
irregularitv of the rtunftill, partly the hard, imperviou-' nature of 
the rocks, and partly the hot, dry climate. 


Geology. 

For the purposes of the present study the geological formation' 
represented in the states of Parahi’ba and Rio Grande do Xorte may 
be classed in two groups as follows: first, the ancient ( .Vrehean to 
early Paleozoic) rocks which liave been called the Brazilian complex 
bv Dr, Branner;^ second, the comparatively modern ( klesozoic to 
Recent) rocks which we call the sedimentar}’ 'Cries. 

The Brazilian complex consists of crystalline rocks ( niainly 
gneiss) and schists disposed in inclined beds which are quite thickly 
threaded with dikes and bosses of various eruptives, among which 
granites predominate. 

The rocks of the second group consist mainly of sandstones, 
limestones, and incoherent ^and and clay deposit? (including dunes ), 
all of them disposed in horizontal or approximately horizontal beds. 

In general terms the two groupis a? ?hown on the accompany- 
ing map are evenly distributed. W ith the exception of a com- 
parativelv narrow strip along the coast and a few isolated spots in 
the interior, the whole of the two states is made np of the crystalline 
rocks. Xo attempt at a sy=.tcmatic classihcalion of this division will 
be made here. I have not had the time nor the opportunity to do 
more than to observe some of the 1,'roader features. However, to 
intelligentlv undcr-tand the geologic conditions in this region, it is 
necessary to knovc that the rocks of the Brazilian complex cover 
practicallv all of the interior: and that the more recent sedimentary 
beds along the coast have been formed by the deposition of sedi- 

^ “ Geolouia elementar,” ad ed., pp. 286-2S9. Rio de Janeiro, 1915. 
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ments derived from this orioinal land mass. It is necessary also, to 
know that these rocks are not homogeneous but that they are hard 
here and soft and decomposed a few feet away ; that they have 
been crushed, metamorphosed and recrystallized to a remarkable 
e.xtent, and that one may find a hard granite " serrote ” standing 
out in the midst of an area of soft schist. Ever} where the rocks 
are cut by cpiartz veins which range from a few centimeters to 
half a meter in diameter and occasionally there are pegmatite veins. 

i\Ir. Roderic Crandall in his paper entitled “ Gcographia 
Geologia, Suj)primento d'Agua, Traiisportes e Acudagem ’’ makes a 
further division which he calls the Series Ceara.” I have not 
made this distinction, but have included the rocks of the Ceara 
series under the more general head of the schists of the Brazilian 
complex. However, they have a few distinguishing characteristics 
which I shall give briefly. The Ceara series, where it is distinguish- 
able, seems to be composed of acid rocks, usually of a light color. 
They contain more or less kaolin and clay and in some cases have a 
peculiar earthly appearance. On weathering otl they do not weather 
into rounded boulders with smooth surfaces, but outcrop in jagged 
exposures and the boulders, large and small, have sharp edges — not 
rounded ones. The Ceara series usually presents a schistose ap- 
pearance and in places according to iMr. Crandall, may contain 
lenses of hard, vitrified sandstone. In other places there are masses 
of limestone completely isolated in areas of schist. However, there 
does not seem to be any systematic separation of this series from 
the other rocks and it is often, if not usually, impossible to make 
anv distinction at all. No attempt has been made by anyone to map 
them separately. Hence, although all of the schists are probably 
not strictly crystalline, I have included them with the crystalline 
rocks of the Brazilian complex. 

In regard to the distribution of the granites. I have already said 
that they form the axes of some of the principal sorras. Also, they 
are especially noticeable along the contact of the crystalline mass 
with the sediments. In such a vicinity the former usually takes the 
shape of rounded boulders and bosses of granite and gneiss. Small 
patches of granites, Intwever, are found occasionally outcropping 
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throughout the crystalline area.-' of I’arahxha ami Ki') Oirandc do 
Xorte. 

The sedimentary series, as pre\ ii lU-lv indiicateil. may he 'e[)a- 
rated into three divisions. First, there is a bed of rather c. i:ir>e- 
grained and sometimes cungleaneritic sandstone wltich ilirectly o\cr- 
lies the crystalline rocks. In color it is usually brick-redi but may 
also be yellow or white. The coLar is probably due to varying 
amounts of iron stain. The contact between this stindstone :md the 
crystalline rocks was first seen where it crosses to the 'uuthea't jide 
of the Rio Taguaribe, a few kilometers to the south of I.imoeiro. 
From there it passes close to the village Tabolciro il'Areia and con- 
tinues to follow the general direction of the Chapatla do .\pudy. 
but about 9 kilometers back to the southwest of the Chapatla. until 
it reaches Passagem Funda. At this point the contact is 15 kilo- 
meters to the south. From here it continues to follow the directiciu 
of the escarpments of the Chapadas Sao Sebastiao and \'acca IMurtti, 
always from S to 12 kilometers to the south of them. These last two 
named escarpments arc in reality only a ca.’intinutiti'.ai of the scarp of 
the Chapada do Apody. At Assu the contact passes almost through 
the city and from there on to Xatal it is very regular, alwtiys approtich- 
nearer to the coast as we go south. It passes very close tio the village 
Garapeba, and to the railway station Baixa A'erde. passes just north 
of Taipu, south of Ceara IXIirlm. tmd is seen about 5 kilometers west 
of IMacahyba. From this point south it is noted a few kilometers 
west of S. Jose, passes through Curimatu. goies clnsc to Esj)irito 
Santo, and Pedra de Fogo. Thus the sandstone is exposed in a nar- 
row strip from near Aracaty. at least to Xatal and probably on down 
into the state of Pernambuco. A section at right angles to its length 
would show a consistent width of exposed area from 8 to 12 kilio- 
meters. The only reliable .structure that I have seen in this rock wa,- 
in the vicinity of Apody, along the escarpment of the Chapada do 
Apody, and near Assu, along the I.agoa PiatC. In thc.se places the 
sandstone beds dip from 3 to 8 degrees to the northeast cr toward 
the sea. There are some ,goo<l expo'-ures near Garapeba also, but 
little structure is evident there. For the most part the exposed 
sandstone is seen on the surface as an incoherent, heavv, vellowish- 
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brown sand, with no hard rocks at all. Xo fossils have ever been 
found in this sandstone. The beds are at least 30 meters thick. 

Directly overlying the sandstone is a bed of hard, fine-grained 
limestone which is usually of a grayish or yellowish color. It is 
exposed in a continuous strip from near Aracaty to Natal and is 
known to exist in several places between X'atal and Parahyba. It is 
not unlikely that this strip of limestone continues on uninterrupted 
into the state of Pernambuco. As is shown on the accompanying 
map, the escarpment of Apody, beginning in the vicinity of Uniao, 
follows a general southwest direction until it reaches a point about 
due west of Apody. There it swings sharply about and follows a 
northeast direction to Passagem Funda. At Passagem Funda the 
river Apody has cut squarely through the chapada and the east side 
of the river is known as the Chapada do Sao Sebastiao while the 
west side retains the name of .Apody. In reality the two low plateaux 
comprise a single physical feature. The escarpment of the Chapada 
do Sao Sebastiao is a continuation of the scarp of the Chapada do 
.Apody. This former makes a detour to the south and then follows 
a northeast direction to the village Rua da Palha. Here the same 
thing has happened as was noted at Passagem Funda. The Rio 
F'panema has cut through the Chapada do Sao Sebastiao and the 
part of the serra which lies to the northeast of the river has become 
known as the Serra or Chapada da A'acca Alorta. The escarpment 
of the Serra A'acca Alorta trends a little to the northeast from Rua 
da Palha as far as the northern margin of the Lagi.')a Piato. and 
finally becomes lower and lower until about 6 kilometers east of the 
lagoa, it merges with the low hills that make up the topography of 
that region. The remarkable thing about this escarpment which 
varies from 30 to 100 meters in height, is that it marks the contact 
between the sandstone and the limestone. Everywhere along its en- 
tire length the base of the escarpment is sandstone while the top is 
limestone. The whole surfaces of the Chapadas of .Apody, Sao 
Sebastiao and A'acca Alorta, are limestone. From the Lagoa Piato 
to X'atal the contact between the sandstone and limestone has been 
only approximately located. It crosses the Rio .Assu about 9 kilo- 
meters north of the city of that name and continues in a general 
easterly direction. Near the fazenda Sant'.Antonio, 30 kilometers to 
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the southeast of Assu, the contact is exiioscil aitain. iln_rcaitcr it 
was found about 4 kilometers south of Baixa \ enle 1 the vihaye — 
not the railway station), and ayaiii a little ii.> the ni.irtu 'U liie raii' 
wav station — ItapassarOca. At Ceara iMirini the linie>tonc is 31 
meters below the surface (near the church), and it has been 11^ 'led 
about 20 kilometers west of Xatal. near iMacah_\l)a. South of Xata! 
the writer has not explored the limestone, but Dr. J. C. I’lranner 
reports that it is found near Silo Jose. Goianinha. rei[uiry ami I’ara- 
hvba. Hence it is probable that the same geologic relati.jU' cxiA to 
the south of X’atal. as are known exist to the north. 



Fig. j. Sectii'ii across tlie Cha[>a(la do ApCidy. 


The limestone exposed in the strip above mentioned ha= a vary- 
ing width, which reaches its maximum in the vicinity of 3 'Ios-on’', 
Here a cross section would show a width of at least 70 kilometers. 
At Assu probably 25 kilometers would cover it. From Baixa \'erde 
a section east would show the limestone to be ab'jut 16 kilometers 
wide while in the vicinity of X'atal it is probably less than 10 kiln- 
meters across. 

The only place where the structure was dearly seen in the lime- 
stone was along the scarp of the Chapada do Apody and along the 
Rio Apody, from Passagem Funda to Sao Sebastiao. There, rock 
dips toward the northeast; in places it is horizontal. At the fazenila 
Sussarana, 23 kilometers northeast of Apod}-, and agtiin near the 
village Sao Sebastiao. Hr. Crandall, in the paper previiiuslv re- 
ferred to, reports that he observed the sandstenie tinderh ing the 
limestone. This means that in spite of the ap[)arent seaward dip the 
beds are horizontal, or ai)proximateIy so. l-'urthermore, a well has 
been drilled in IMossoro to a depth of 45 meters. The first 30 nieter> 
were in limestone and the last 15 in sand. Judging fruiu thi> the 

" J. C. Branncr. " Geoluijy of the northeast co.i-t ef [!ra/-il,'’ liullctiii rf 
Geological Society of .Imerua, Vol XIII,, pp. 93-95. Rl)dle^ter, 190a 
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same horizontal relation exists clear to Alossoro, for if the sandstone 
dipped uniformly seaward, even at an angle of one degree, it must 
in the 6o kilometers from I’assagem Fnnda to Mossoro attain a con- 
siderably greater depth than 30 meters. The limestone has a thick- 
ness of between 30 to 50 meters. This estimate is based upon the 
C-xposures along the Rio Apody and upon two wells drilled, one in 
iMossoro above mentioned, and the other in Macau. The well in 
iMactiu showed the limestone to be 44 meter-^ thick. The age of 
these limestones lies between the late Cretaceous and early Tertiary. 
i\Ir. Crandall'' reports fossils from tliem 1 these fossils are in the 
museum of the " Servigo i\I ineralogico " in Rio de Janeiro), and I 
have found a few. 

L'inally, overlying the limestones and extending on to the sea, is 
the third division of the sedimentary rocks, a more recent deposit, 
mostly sands and clays. The surface of this deposit is very sandy 
but when drilled into it is seen to contain a great deal of clay. The 
sand is calcareous in places. I have not seen any bedded rock be- 
tween the limestone and the ocean but in some places there are 
patches of hard, sandstone boulders, often of a conglomeritic nature. 
The best exposures of these recent beds were seen during a trip 
from Lagoa dos iMattos to .Areia Branca. From this first named 
place on to Alutomba, and again for two kilometers at the Alorro 
do Thibau, the sandstone is exposed in a bluff which varies in height 
from 15 to no meters. This rock usually has a belt of conglomerate 
at the base about 3 meters thick. C)ver this is a highly colored sand- 
stone, rather hard and cemented with iron. Xext there is a soft, 
marly sand, whitish and usually from 2 to 3 meters thick and with- 
out bedding planes. Over all are dunes of medium-grained, reddish- 
brown, unconsolidated sand. The whole bluff' is highly colored and 
may show shades of brown, red, purple, lemon color and white. 
These beds nearly all contain more or less iron and lime and in some 
localities contain a great deal of earthy matter including kaolin 
and clay. 

Further down the coast just south of the village of Touros, 

Roderic Crandall. “ Geograpliia, geologia, supprimento d’agua, trans- 
portes e acudagt-m,” Publication of the Mini'iterio da \’iacao e Obras Pub- 
licas. p. 31. Rio de Janeiro, 1910. 
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there is an exposure of yellow, coarse-grained saiul.-tone with beds 
almost horizontal or dipping gently toward the sea. Fifteen kilo- 
meters further south there i- a bluff about 3 meters high emuposed of 
a sandy clay, white, brown, and reddish colors. It verv much 
resembles the bluff noted near Lagoa dos Mattes. 



Fig. 3. The log of a typical well drilled in Xatal. Rio Grande do Xortc 

1. Fine sand and clay. g Sand and clay w itli quartz pebbles. 

2. Yellow sand. 10. Yellow sand. 

3. Sand and clac'. 11. White sand with cla\'. 

4. Sand and clay with quartz pebbles. 12. \ellow cla\' with sand, 

a- Cla\. Ij Red sand with clay. 

6. Sand and dace 14. Coarse sand with clav. 

7. Sand and clay with quartz pebbles, is. Coarse sand 

8. Clay. 


These deposits of sediments stretch in an unbimken -trip from 
near Aracaty and probably further north, to Recife ami probablv 
further south. Their width varies: At fMos-on'i it is aljnut ^4 
kilometers, at iMacriu 22 kilometers, at Ceara Alirim 2^ kilometers, 
at Xatal about 20 kilometers and at Rarahyba about 20 kilo- 
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meters. Their thickness increases as the coast is approached. At 
Areia Branca they have a thickness of at least 90 meters, at iMacau 
of 106 meters, and at Xatal of at least 108 meters. I have never 
found any fossils in them, but Dr. J- C. Branner” describes fossils 
in yellowish, calcareous sandstone along the coast at Ponta de 
Pedras, which he refers to the Tertiary. It is very probable, though 
of course not certain, that these beds are to be correlated with the 
sands and clays here described in Parahyba and Rio Grande do Xorte. 

The geologic history of this part of the coast of Brazil, basing 
our opinion upon the information already given, must have been 
about as follows : the rocks of the basal complex or the crystalline 
mass after a long period of erosion were finally submerged along 
the coast of Parahyba and Rio Grande do X'orte during Cretaceous 
or Pre-Cretaceous times. The sea encroached on the land, much 
further than the present contact between the crystalline and sedi- 
mentary areas. It was during this first period of subsidence that 
the coarse-grained sandstone was deposited. Following this deposi- 
tion a moderately pure limestone was laid down directly on top of 
the sand. Whether or not the land rose and the sandstone was sub- 
jected to erosion before the limestone was deposited, is not known 
definitely. The exposures of bedded sandstone are few, but where- 
ever noted the strata of sand and limestone were conformable. 
Therefore, I am of the opinion that both were laid down during the 
same period of deposition, but that the contact marks a great change 
in physical conditions. Following this period the land rose. Ap- 
parently there was little disturbance for the beds are horizontal 
or they dip gently toward the sea. Considerable erosion must 
have taken place at this time for the limestone is worn very thin in 
places. During Post-Cretaceous times the land along the coast was 
submerged again and the more recent beds of sand and clay were 
deposited. Pdiysical conditions must have again changed for the 
absence of calcareous matter in these latter beds show that animal 
life was scarce. Once more the land rose and has probably remained 
above the sea from that time until the present day. The surface of 

' J C Branner, ” Geology of the Northeast Coast of Brazil,” Bulletin of 
Gcoloijieal Society of .iiiteriea, Vol. XIII.. p. 47. Rochester, 1902. 
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the sand and day deposits is more iir less caleareons due te> the lime- 
laden waters which pass over it. but the rocks a ^lil>rt depth below 
the surface are (juite free fmm lime. 

\\ ith the exce[>tion cY the region about Mos'ori’> and Assu the 
entire series of sedimentary rock^ seems to be dejiosited in a fturly 
even line down the coast, the belt always becoming a little narrua er 
toward the south. In the locality excepted there is a large basin 
inland. This can reailily be explained by the nature of the drainage 
in that region. The three rivers Jaguanbe, lM(jssorii' and, A"U. tire 
the largest along this part of the coast, and although th.ey d.ram a 
large area their mouths are close together. Xaturally in their im- 
mediate vicinity erosion was dee])er and more general than in area- 
of lesser drainage. Hence, wdien the land sank the water was able 
to reach much further inland in this vicinity than in any other along 
the coast of Parahyba and Rio Grande do Xorte. and the snb'cquent 
deposition covered a correspondingly larger territory. 

Other than the sedimentary rocks along the coast there are several 
areas of stratified rocks, smaller and completely isolated, in the Aates 
of Parahyba and Rio Grande do Xorte. Chief among these is the 
sandstone basin of the Rio do Peixe. Beginning at the approximate 
juncture of the Rio Piranhas with the Rio do Peixe and extending 



Fig. 4. Section across the sandstone basin of the Rio do Peixe. Parahyba. 


over the divide into the head waters of the Rio Pendencia, a distance 
of 80 kilometers, there is a basin of reddish sand-tone. The basin has 
a varying width which averages between 9 and 12 kilometers for tiie 
entire length, and has, moreover, a long arm which extend, mure 
than 12 kilometers up to Belem. It is an isolated area of .-and, tone 
in the midst of a vast stretch of crystalline rocks. The tvpical rock 
is a reddish and rather fine-grained sand-tone, which, in the upper 
part of the basin, or roughly that part above Souza, is very common 
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and forms most of the valley floor, as well as the low hills well up 
toward the contact. As a general thing, however, the margins of the 
basin, or the part nearest the contact with the crystalline rocks, are 
composed of a coarser sandstone than the parts further down. In 
fact, the part nearest the contact is often a conglomerate, having 
small quartz pebbles, some the size of a hen's egg, imbedded in the 
sand. As a rule these sandstone beds dip gently to the south or a 
few degrees to either side of south. There is also evidence of a small 
syncline near the southern boundary of the valley. This syncline was 
shown near Acauan and again near Sao Joao in relatively the same 
position. However, it is small and is not likely to prove to be of any 
economic importance. The reddish and yellowish sandstone is inter- 
bedded with a likewise reddish clay. This clay covers so large an 
area that it must be taken into consideration. In appearance it is 
very much like the sandstone but of a finer grain. In several places 
in the valley it was found plainly interbedded with the sandstone. 
It is most common in the lower part of the basin, that is, it is found 
from one end to the other but in any one cross-section of the valley 
the clay would be more likely to be found near the river or in the 
lower part. The whole of this deposit of sediments is intergraded 
between a coarse sandstone of a conglomeritic nature, a medium- 
grained sandstone, a fine-grained sandstone of a partially clayey 
nature, and a typical clay. At times one may find all these different 
grades of rocks interbedded in one place. 

So far as I know no fossils have ever been found in these rocks. 
The sandstone very much resembles that wiiich underlies the lime- 
stone in the coastal belt, and it is provisionally referred to the Cre- 
taceous. There is a possibility of its being connected with the sand- 
stone of the Serra Araripe. There is also a possibility of its having 
been connected with the sandstone of the coastal belt. Indeed, it is 
difficult to account for its presence on any other hypothesis. 

The Serras of IMartins, Porto Alegre and Joao do \'alle are a 
series of sandstone capped mountains which rise abruptly to a height 
of 650 to 700 meters. The last named of these was not visited by the 
writer. The first two have a layer of hard, quartzitic, coarse- 
grained sandstone which attains a maximum thickness of about 50 
meters, and which lies horizontally on the crystalline rocks. No 
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fossils have been found, but it i' n.it inipivibable that tlu' '■and't'ine 
was also once connected with that nearer the coa>t. The liases of the 
Serras iMartins and I’orto Alettre, are fiarnied of iild niet;ins •rphic 
schists. There is a nia-s of i'olated. limestone near the ha'c ot the 
Serra iMartins. far as I have been able tei a-eertain. thc'c 'and- 
stone capped serras, the sand.stone ba'in of the Ivio d- I'ei.ve. and 
the coastal belt of sediment?, form the total of sediii'eutart area- in, 
the states of Parahvha and Rio (drande dci Xorte. 



One of the most interesting thing? in this connection is the rela- 
tion of the geology to the topography. The crystalline area may 
usually be recognized by scattered serrotes of hard granite, by occa- 
sional mountains which rise abruptly from the surrounding plain, bv 
great, gently undulating stretches, covered with a scattered growth, 
and by low ridges, steep-sided and rocky. On the other hand tlie 
sedimentary area is notable first of all for it? vegetation, which as- 
sumes the form of an impenetrable forest; often there is a thick 
undergrowth from 3 to 4 meters in height. The only prominent topo- 
graphic features are a few low ridge.s and the broad Chaiiada? of 
Apody and Sao Sebastiao, which on the south, end in a low escarp- 
ment. but which on the north, slope gently tcjward the sea. Also, 
very noticeable are the short streams with their steep banks whicli 
cut cleanly through the soft sediments. These hard rock? and umlu- 
lating plains of the crystalline complex which give ri?e I,' a rrqiid 
drainage, and the long, almost level stretches on the sedimentary 
areas, play an important part in the conservation of the water supph-. 

SuMM-VRY OF Or;?i-.RV-\Tioxs OX THE Gi'.or.nr.v or P\K.\nvi:.\ .wu 
Rio Gr-Vxde Do XloRTr.. 

I. The two great group.? of rocks in the regiijii crivered are 
crystalline and sedimentary. 
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2. The crystalline division is mainlv gneiss and schists and in- 
cludes the ancient (Archean to Paleozoic) crystalline rocks with 
bosses and dikes of various eruptives. It covers the greater part of 
the states of Parahyba and Rio Grande Do Xorte. 

3. The rocks classified by l\Ir. Roderic Crandall as the Ceara 
series are here included with the schists, since they are usually in 
that form. These particular schists are not all crystalline schists and 
may include layers or lenses of quartzite and of limestone. 

4. The granites form the axes of some of the principal 
mountains. 

5. It is impossible in a short expedition to determine the distribu- 
tion of the crystalline rocks. They have been metamorphosed and 
intruded to a remarkable extent, and they seem to have crystallized 
in a very irregular manner. 

6. The typical vegetation on the crystalline area is a scattered 
growth of low trees and brush of small root development, called 
caatinga. Caatinga forests, however, are not confined to areas of 
crystalline rocks. 

7. The topography is characterized by great undulating plains, 
abrupt mountains, rocky, steep-sided hills, and peaked serrotes. 

8. The crystalline rocks have been subjected to great crushing 
forces. The schists usually stand at a high angle and the rocks are 
everywhere cut through by quartz veins which vary in width from 
a few centimeters to half a meter. Occasionally there are pegmatite 
veins. 

9. The rocks are usually soft and decomposed to a depth of from 
3 to 10 meters. 

10. The sedimentary series forms the comparatively modern 
(Alesozoic to Recentl rocks. 

11. It is confined for the most part to a comparatively narrow 
strip along the coast. 

12. This series reaches the entire coastal length of the states of 
Parahyba and Rio Grande do Xorte and varies in width from about 
120 kilometers in the vicinity of Mossoro, to 30 kilometers at Natal 
and about 30 kilometers at Parahyba. 

13. The sediments thin out on the interior side until their margin 



IS 


SOPER— GEOLOGY OF PARAIIVEA 


becomes a series of isolated patclie' overi_\ ni" the "ramte-- and 
gneiss. 

14. The sedimentary rocks have three main divisions: — a den"'it 
of sandstone, one of limestone, and a mijre recent dep'on ,.f 'aiiik 
and clays. 

15. The sandstone directly overlies the uneven face of tlie crN-tah 
line rocks. It is cif a medium grain, is ci'iigl.nneritic in places, and i' 
usually of a white or reddi^h c.'Ior. It has a thickness of at lea-t 
30 meters and probably more. It is expo>ed in ;i continnoti' strip 
from near Aracaty to Xatal and probably further soaith ; its average 
exposed width is from S to 12 kilometers, 

16. In general this sandstone dips gentlv tci the n'^rthcast. Xo 
fossils are known to have been found in it. but mt account of its 
association with the limestone, it is commrnly referred to late I're- 
taceous or early Tertiary age. 

17. The sandstone is overlain by a bedi I'f hard, fine-grained, 
yellowish and grayish limestone 

18. The limestone is exposed in a contimmus vtrip frcm near 
Aracaty to Xatal and is known to e.xist in several places between 
X’’atal and Parahyba. Its width varies from about 70 kil-imeters in 
the vicinity of iMossorb. to 25 kilometers at Assu. and less than 10 
kilometers at X’atal. It has a thickness of from 30 to 50 meters. 

19. In general the limestone dips gently toward the sca — to the 
northeast. It is of late Cretaceous or early Tertiary age. 

20. The contact between the limestone and the underlying ^a^d- 
stone, is marked from Uniao to Assn, bv a I^w escarpment which 
varies in height from 30 to too meters. 

21. Tile limestone in turn is overlain by a partially consolidated 
deposit of sandis anil clays. Where these beds are exposed along the 
coast they are highly colored and contain much ir' in. 

22. The area of sands and clays is exposed in a c intinuou' 'trip 
from north of Aracaty. to south of Recife. Thev have a width 
which varies from 35 kilometers at iMns'on''. to about 15 kilometer' 
at Parahyba. Their thickness at Arcia P.ranca is more than 00 
meters, at IMacau it is ro6 meters, and :it Xattd it is nr to than 108 
meters. 

23. At only one or two jilaces along the shore arc tliC'C 'cdi- 
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ments consolidated, and the structure when it is reliable shows hori- 
zontal bedding. I have not found any fossils in these beds but 
Dr. J- C. Branner reports fossils from similar beds at Ponta de 
Pedras which he refers to Tertiary age. It is not unlikely that 
these beds fin Parahyba and Rio Grande do Xorte), are of the 
same age. 

24. The Serras of Porto Alegre and IMartins are capped with 
layers of quartzite, about 50 meters thick. IMr. Roderic Crandall 
reports that the Serra Joao do \'alle is a similar mountain. 

23. No fossils have been found in the sandstone of the above 
named serras. 

2(5. The valley floor of the basin of the Rio do Peixe is com- 
posed of a reddish sandstone, conglomeritic in places and inter- 
bedded with a reddish clay. This area is from 9 to 12 kilometers 
wide and is about 80 kilometers long. It is entirely surrounded 
by crystalline rocks. 

27. The age of this sandstone of the Rio do Peixe is provision- 
ally referred to the Cretaceous, but so far as is now known no 
fossils have been found in it. 

28. It will be noticed that practically the entire sedimentary belt 
along the coast is tilted gently toward the sea. 

29. There is a series of shifting sand dunes along the coast espe- 
cially noticeable in the vicinity of Natal. 

30. There are many clay beds in the sediments along the coast. 
Some of them may be of economic value. 


DESCRIPTION OF PLATES I -IV. 

PLATE I. 

Geologic map of the states of Parahc'ba and Rio Grande do Norte, Brazil. 


PLATE 11. 

A. Part of the Chapada do Sao Sebastiao. showing the topography and 
the dense caatinga growth. 

B. Exposure of limestone near Passagem Funda, Rio Grande do Norte. 
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PLATE in. 

A. Isolated scrrote of granite in the midst of an area ed schi5t and gneiss, 
near iMartins, Rio Grand, e do Xorte. 

B. E.xpositre of sandstone along th.e Chapaela do Apody. near Pa.'Sagcm 
Funda, Rio Grande do Xorte. 


PL.LTE 1\' 

A Serra do Peirto .-Megro, Rio Grande do Xorte The fiat summit is of 
sandstone which re^ts on crystalline rocks below. 

B. Part of the limestone scarp of the Chapada do .LpoJy showing a lu.xu- 
riant growth, of vegetation. 
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Plate II 



A P.LRT OF rnc Ch.-lp.ad.a i>e S.lo Seb.lsti.lo, Showing the Topography and 

THE DeN-'I- ('.WIIM.L C.KOWrH 



B Exi'OsrKE OF Limestone near 1’assagem Fi nua. Rio L.kandc do Nurie. 


















INTERRELATIONS OF THE FOSSIL FUELS. 


1. 

Bv JOHN J. STEVENSON. 

(Read - l/'ril i^. Iiji6.) 

Teat .and the Tertiarv Coals. 

Prefatory Note . — In an earlier treatise,' the writer considered 
some problems bearing upon the accumulation of coal in beds. 
Other, but closely related, problems will be considered here in the 
effort to ascertain how closely the fossil fuels, aside from petroleum, 
are related to each other in their physical and chemical character- 
istics as well as in their mode of accumulation. In preparing for 
these studies, the writer has travelled scores of thousands of miles 
in foreign regions to secure information respecting disputed locali- 
ties and. in this land, he has made examinations in almost all of the 
coal-producing states. But life is short and distances are great ; a 
man can gather little by direct study : to secure the knowledge neces- 
sary for intelligent discussion of the ?ul.»ject, he must collect and 
compare, as far as possible, the observations reported by others. 
This has been attempted ; several thousands of reports, notes, 
memoirs and monographs have been read and the abstracts have 
been digested, in so far as they contained matter bearing on the 
problems in hand. All citations, except where otherwise stated, are 
at first hand. 

Some may regard study after this fashion as wasted force, 
especially because the matters involved appear to possess little of 
economic interest ; but the labor has been performed without com- 
pulsion and with no hope of reward, except that of criticism by 

1 “ The Formation of Coal Beds,” Proc. Aiiicr. Phil. Soc., Vol. L., pp. 
1-116, 519-643: LI., pp. 4^3-553: Vol. LIT, pp. 31-162. 

21 



22 STE\ EXSOX— IXTERRELATKJXS oF THE Fi OSIL 1 I I'J.S 

tho'e who iiiav regard the work a.-, defective and the cnnclu-idn' a> 
unsound. The study ha^ been made -olely to find 'oluiain' of 
proble!n> which had perplexed the writer during more than 4_-> 
years. The results are presented, not because they ;.re rmal, hut 
in the belief that those students who take up the inve'iigtiiion anew 
at some future time, when knowledge 'hall htive lieen increa'cd, 
will finel their kibor lessened by thi' opening of by-p;ith' in the litera- 
ture : and equally in the hope that credit may be restored to 'ome oi 
the etirlier students, whose work htis been forgotten or ignored 

The autochthonous origin of coal is ttikcti for grtinted in this 
work; argument in favor of that (k.ictrine has been pre'ented in the 
writer’s " Formation of Coal Beds." 

The various terms applied to fo."il fuels have, in a general way. 
sufficiently definite significance. When one hears the words peat, 
brown coal, coal, anthracite, he recognizes each a' referring to a 
substance with which he is familiar. Museums contain specimens 
from manv localities, properly labeled, so that the name' lieconie for 
students thoroughly definitive. Tables of comparative analyses tire 
given in textbooks, which mark off the limits i;if the several sub- 
stances with ample distinctness. It is true that in mo't textbooks 
and in most lecture courses there is proper though 'Omewhat inci- 
dental statement that the specimens represent, for the mO't part, 
what may be termed typical forms, atid that from each type in 
each direction to the next the transition is practically imperceptible. 
Yet that that concc]jtion lacks concreteness, the more so becau'c 
each appears to lie characteristic of a certain stage in the earth's 
history. But the names are those of group'. etich compri'ed of 
members differing greatly in chemietd and physical feature' ; and 
there are strange overlapping', for in the groujis less tidvanced 
chemically, one finds sub'tances very similar to some in the more 
advanced, while in the latter he occasionally meets with forni' almost 
indistinguishable from some of the former. 

Since the extent of chemical change, as a rule, increases with 
the age of the deposit, it i' most convenient to consider the fuels 
in the order of their occurrence in time. 
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Peat. 

Peat is the familiar accumulation of more or less changed vege- 
table matter observed in localities sufiicientlv moist. It is most 
abundant in Pleistocene and Recent deposits, but a very similar 
material occurs in the Tertiary and, even in the Carboniferous, one 
finds a substance, which in hand sjjccimens can hardlv be dis- 
tinguished from well-dried peat. 

Co)iditi())is Requisite for Aceuiiiulatiou . — As asserted long ago 
by Ale.x. Brongniart. constant supply of moisture in considerable 
([uantity is a [irereipiisite for growth of peat. Ponds and shallow 
lakes in glacial drift have been favorite localities in the northern 
part of the temiierate zone, where deposits vary in extent from a 
few square rod.' to several scores of square miles. Areas of deep 
water are made shallow by accumulating animal and vegetable 
remains, largely of humble n-pes. and eventually become filled with 
normal peat. But 'Uch deposits are, individually, of small extent, 
though they are so numerous that, collectively, they cover much of 
the formerly glaciated surface within Xorth America and Europe. 
Peat areas of greatest extent are those originating on coastal plains 
or on those bordering rivers, where the sluggish drainage is checked 
readily by petty obstacles and small i)atches of swamp become united 
until a great space has been occupied. Some deposits of this type 
have an area of many hundreds of square miles. 

Peat has provided fuel for much of nonhern Europe during cen- 
turies and the literature with reference to it is voluminous ; but it 
has no economic importance within the tropics, so that definite 
statements respecting its occurrence are comparatively few. Ex- 
plorers naturally were concerned more with geographv and anthro- 
pology. so that one finds usually little aside from incidental state- 
ments to the effect that a region is swampy, boggy and difficult to 
traver-e. But more than one hundred vears ago, Tameson- stated 
that Ander'on had received jieat from Sumatra. Certainlv the 
-■'onception that true peat is confined to the temperate zones is 
erroneous. Livingstone in 1858 and 1866 presented abundant evi- 

- R. Jame.son, ” .-\n Outline of the iMineraloity of the Shetland Elands, 
and of the Eland of .\rran,” Edinhurijli, 171)3, pp. 151-153, 
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dencc of it> cxi'tcticc in e'lnaiorutl Africa. Wall and Sawkiii' in 
ic-tio foiiiiil ]ical\ dc[cl'it■^ on the i'lainl oi 1 rinidad. which i \ cn 
alter de-'iccation at d'-u !' cemtained 33 pe-r cent ot ortfainc matter. 
In 1X70, llartt reported hi' di'Co\er_\ cpf peat in the 'tate of >ao 
Sadvtalor. S.L tow ti' well ;l' in the 'tate of .''aia I’anlo, hoth in 
Ilrazi! lirown de'Criheil petitv <lepo'it' in the |)en!arara laeio'i ; 
" fiaani Santa Ko'a on throiipdi the Stahoot'. the heail of tlu lla'-..- 
harti l\i\er. th.ere tire mane tract' of open hind, conrpo'epl o: hha. i-. 
hou-miid lornied hy deca\ ed vey;etal)le' and cotereii w 'th .1 aro\'.th 
(jf nnik redyc' tnvl rurhe>." Some jportuia' of ihc'c 'a\ " 
tire permtinent 'W'amjie. hi which tlie Ita palni. d/i.'"i''r tare < -a', 
one of the prominent trec^, riiiini to the height of t fee-t. ll..r- 
ri'on. in di'CU'.'iii”; the 'tune rcyion, >a_\ ' that peat occur' in na.m, 
of the low-lying- coa>t landj. tvhere it i- from i to 10 feet tliich, 
tlioti.yh usuall}- mat exceeding 4 feet (.'oimiderahle portion' of thi' 
"pega'i" land are covered with tlie .\eta palm. 

Long ago. Lyell dercnbed the general feature' of the Di'iiial 
Swamp and of the cy]>re'.' .'Wanip' of the lower Mi"i''ippi I\i\-i.r, 
both of which teere diiCim.'cd in detail by Shaler ;it a later iltite 
Ktintze-* in iSp5 described the va't wotKled 'Wamp, ti mti" 'if peat 
extending for 3 degrees of latitude along the Lourencr.) River rif 
Brazil. The condition.' in Floridti. where the petit arett' tire great 
and the depo.=its often very thick, have been de'Cribcl in detail bv 
Harper, and 'Cveral ob'CrvcT' have made note of the peat m Ber- 
muda. Livingstone. Cameron. Lugard and Hi'' King-lev Imve 
pre-ented proof that peat is abtmdant in ciiuatnrial .\frica.' 

During the progress of the Dutch exjilorations in Sumatra. iSoi, 
Reorder.' observed a gretit hlachmoor covered with a po-nietcr'- 
high mixed fore-t growing on peat, which Larive'- meti-ureniciit' 

C. P. W 3II and J. Gr Sawkins. " (jcijluirv i*r Trinr-Iad. " I.iiiiir-,'' j.-lrVi 
pp 62. tij : C F. Hartt. " ( joil'iiiy and Phc'.'ical t jc nt P,ra/il ' Po'r.n 

iflzo. pp. dt’ 5 ' 50*) t X' P Brown. " Plnccical. De-cnjitice and Kc. aarnre lio.'i.ev 
of Briti'h Guiana." fieol Snrvev. Liindon. [875. pp 34, 1,1; J p liarrmm 
"Pc.tias.s of itnti'h tiuiana." Quart. Jmtrn Gcal. SHia.k’nl I. XII I. niop, p jpa, 

O. Kuiitze. Gfo.genttische Beitratre." Lcipzic. 181/5. pp, f,p, pS, 

For detaded statement of these ohservation- in tropical ainl 'uinropical 
reyions. see " Formation of Coal Beds. 11 /’me. Amcr. f’hil .Sac , Wd L, 

1911. pp. 565-57.3. 
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proved to he i; feet thie'k. Examination, microscopical and chemical, 
^ho\ved th;it this peat has structure and composition wholly similar 
to the ]>eat of Europe, though the plants from which it is derived 
are different.'' 

Molengratiff" -tudied central llorneo in iS93-<p4. On many 
page-' he notes the pre?ence of marshe- along the larger rivers and 
de'crihe> them ;i> lioggw These mtirshe- in manv ctisC' are elensely 
wcjoiletl though fretptentlv covered with water during several months 
in succe"ion. A c^)^^ider:lble dejjosit of peat was seen near the 
Tehtioeng River. In tocending Babas Hantoe. one of the INIadi 
mountains, he reached. :it 500 meters above the sea. an extensive 
idtiteau, on which the forest contains mtiny conifers, these increasing 
upwartl until at 700 meters they were paramount. There a soft soil 
had been reached, mossc' h:id appetiretl and the character through- 
out was that of a forested swamp. The deeply trodden narrow 
path wound among wet spongy cushions covered with moss until at 
1. 000 meters the area was a genuine morass and advance could be 
made only by leaping from the root of one tree to that of another. 
The altitude is not 'ufficient to remove the locality from tropical 
conditions, as this is almost directly under the eiptator. On the 
other side of the mountain, he descended into a valley, which at first 
showed patches of marshy forest with peat. Farther down, the 
peat patches became continuous and he soon recognized that the 
whole of this valley and probably the whole i\ladi plateau are 
covered with a marshy forc--t. --tanding in a thick layer of peat, 
which consists of the half decaved remains of all kinds of trees, 
shrubs and mosses, a true tropietd peat bog: but, like tro])ical fens 
generally, it is composed chiefly of remains of trees, thus contrasting 
with fens of temperate zones, which i>riginate '■o frecpiently from 
mosses and a limiteil variety of shrubs. The yellow-brown fen 
water from this peat area flows into the Tebaoeng River. 

Koorders, as citeil by I’otonie. reported that, in old Javan and 

'■ H, Potonie. " Die Enstehung der Steinkohle und der Kau.stobiolithe 
ulicrliaiipt," 5te .\ufl . lyio, pp. ise-itio. 

" G. A. F. Molengraaff, " Geolegical Explorations in Central Borneo. 
i 8 o,t- 94 .” Leiden, 1902, pp. 83. 84, .307, 310. The citations are from the edition 
in English ; the edition in Dutch was puhli.shed in 1899. 
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Sumatran forests, where hard woods t^row, fallen trees are nunierijiis, 
which though decades old are still in CLUidition g^-otl enough for 
export. Molengraalt gives an illustration more remarkable, because 
the Conditions are not coiotant. The I.ake district of the I’jiper 
Kappew as River is merely the overflow area during flood time. The 
lakes contract during the dry ^eason. leaving only shallow channel- 
ways in which fish accumulate. The INIalavs gather in camps to 
harvest the fish ami the cam[) fire' frequently spread, cau.'ing great 
destruction in the forest. In one portion of this district, a great 
"submerged" forest remains, composed of medium-sized charred, 
stumps, in varying stages of decay and all broken off at approxi- 
mately the same height. A sprinkling of younger trees wa' seen, liiu 
owing to the unfavorable conditions — flooding and fires — the fore't 
cannot recover. This locality was described by Ida Pfeilfer in 1840, 
when the features differed little from those C'bserved hy M.ileii- 
graaft. almost half a century later. Evidently, decay of rocitc i 
stumps may be as slow under the equator as in temperate regi'.'ii’.' 

\\’ichmann* gathered available informaticn re'pecting pea: d.e- 
posits in the Indian archipelago, summarizing iihservntiiin' by Jung- 
huhn, Koorders. IMolengraaff. Machielson. Schwaner. TeV'smanm 
^'an Xouhys and himself. The largest fen in Java i' in Sam.arang: 
about 2.500 hectares have been brought under cultivation but not 
less than 1.500 still remain as swamp. Borings at cne localitv slice,: 
that the peat is from 30 to 31 meters thick and " iicat i'lands " have 
risen in it at various times. The Javan peat is an inferior fuel as 
it contains much ash ; that from Kaji'.'gan has 27 per cent. 

\ ery many swamps within the ea^t cciast residence of Sumatra 
have been drained and placed uniler cultivatic.m : Iiut much 'till re- 
mains untouched. A great fenland of 80.000 hectares, between the 
Siak and Kampar rivers. ha> been known long time and it has been 
described by Koorders. botanist to the Ijzennan expedition of 1801. 
As W ichmann presents the matter, peat i' cvi<!ent!y a commonplace 
in Sumatra. He refers to IMolengraaffb observations in central 
Borneo. . J. IM. IMachiel'on found fens alcmg several rivers in 
another portion and C. A. L. M. Schwaner reported them from 

E A Widimann. "The Fen.-, uf the Iiulian Archipelaico." K. Akad. 
Wcteiisch., Amsterdam. \'ol. XII.. 1909. pp. 70-74. 
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several localities in the south and east divisions, where all the streams 
are blackwater. Some of the Tiorneo peat is very good, that col- 
lected by J. \V. \'an Xoiihys containing only 4.58 per cent, of ash. 

A very great part of the fenland in the Archipelago has been 
drained and converted into rice, sugar cane or tobacco plantations, 
but A'ichinann estimates that the area of existing fens exceeds 
1,000,000 hectares or more than 3.800 square miles. The uniformity 
of cliniatal conditions prevents the variations observed in fens of 
colder regions. The structure, in Wichmann’s opinion, resembles 
that seen in the Coal INIeasures, where ri:)ots of Lcpidodendron and 
Siyillaria are found in the floor of coal beds; so in the tropical fens, 
the trees are rooted in the subjacent clay. As accumulation of peat 
does not choke the trees rapidly, these frequently remain erect in 
the peat. 

It would seem to be sufficiently evident that a hot climate offers 
no hindrance to the accumulation of peat, if only the conditions 
exist which are required for that accumulation in a cool climate. 

Even a very severe climate does not prevent the growth of peat. 
XathorsU visited the Renntier-tal of Spitzbergen in 1882 and saw 
there, resting on the river debris, 0.25 meter of clayey peat under- 
lying 2 meters of peat; he cites Gunnar Andersson as stating that 
the upper division consists chiefly of brown moss, but that some 
layers are crowded with leaves of Sali.v polaris. Xathorst found a 
leaf of Sali.v reticulata in the underlying impure peat. Andersson 
believes that peat-formation has ceased in Spitzbergen and that the 
deposits are relics of a less cold period. Be that as it may, there 
can be no doubt that bogs are numerous, though in many instances 
they are thin. The writer in 1904 found enough peat on both sides 
of Advent bay. X.L. 78'. to make walking not too attractive and 
there was living vegetation on the surface in many places. A. E. 
Stevenson reported that the black mud is more than knee-deep for 
considerable distances along the shore of Icefiord to more than 12 
miles south from below Advent bay. Peat was seen on Bell sound, 

° A. G. A’afliorst, " Beitrage zur Geologic der Baren Insel. Spitzbergen, 
und des Konig-Karl. Landes,” Bull. Geol. Inst. Uniz\ Upsala, Vol. X., 1910, 
P- 403. 
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Ru?se'.l''' has ile-cribeEi ci inilitii in- on the tiinilra aial in tix in- 
teriL>r of Ala'ka. He sa\s th;it "withoiu exatt^erais 'ii. i: nia) he 
-tated that the whole of Ala>ka. exceptint; th.e steepe-L le 'ok 
aiiel the tops of high mountains, i- ci.vered; willi a .'.tU'e ca’'pe; i i 
mci'S," The rep.iji'ted thiekneS' i o' peat .'it t’ne tn.iii'.'-.i fre-; _> o. 

150 even tci 300 feet. Tlte peat i> growir.g, tiMtigii :'..e E.i.p;'; n, 
frozen material is onl_\ from S to 14 niche', h app- ha' da'Cr Se'. 
an -Vlaskan peat 'lepiasit, expeo'Cil ;n a h'.utf .r nrae t'u.n a n le 
The peat. 30 feet tiiick and re'tnig on tmc"n'"'.id;aled; glacnii . i- 
fibrous, with abnndiant stulr.p^ andi rrn,:'. hut pt' h;.ii;_\ C'in'-.':' m 't \ 
of Spluhiiniiu. The nia" is dieid.e.! ;tt 7 feet from ilie t> -p li> feet 
of wiiite vtdeanic a'h. Ihe surface bev* iio tiie eoge ^'f t.’e' lonn i' 
covered with a thick coat of X'p/ap/; u;n ;ind 'Upp. 'ti' :i deii'e f-re't 
of spruce with little undergr ' w th. The peat. U'li and till are iierma- 
iientl}' fre'Zcn at a few incites btick fr. .m tile ed.ge ■ >: liie bluff, t.r u.eii 
that i' subjected to the king li.rar' "f suninie-r .'UU'Iiiiie liver, lim 
surface is frozen at a depth of t' hiclies in eari\ Juiv, 

The arrangement of root.' 'Imun by .'pruce tree' growing m tile 
edge of the bluff well as by tlie .'tumps, whicii oerp. I'e a great 
part of the depoiit. is wholly unlike tliat e>rdinanl_\ oh'eiwed;. .Spruce 
growing on solid ground, frozen or n at. has raelia! rei‘>ts, parallel -with 
the surface and penetrating eiiily a few niche'; Ijiu. at tlii' White 
River locality, the roots of trees growing on the erlye of the h’uft' 
and those of stumps buried at diltereiit levels in the peaiv ma" have 
a very different arrangement. Instead r-i a single, ihit-lia'edi 'e-t r,f 
radial root^. these trees all >how a centra! stem, often 'everal feet 
long, from whicli roots hrancli off at irre.gnlar interval', witli an 
upper 'Ct of roots near the surface, ccirrespomling , tlic.-e i;.f tlie 
normal tree. Investigation jimved that m. .ts below the fis.'t-lme 
are still undecayed, though they diff'er in color fissm the U[)perm. .'t 
set of radial roots and evident!} are no longer active. Lapp' reaciiedi 
the conclusion that, in each case, the seedling spruce, having e'tah- 
lished itself (jn the inns'y sijil. 'em out the normal radial isnit^. hut 

I C Russell, ■' Xotes on the Surface Lienli)”\ i,f .\h'k:i," riiill (fod. 
Sol. .-liner.. \'ol I . 1890, pp. 125. 126, I2Q 

11 S. R. Capp.s. ".Ln Estimate uf the .k.ew’ of the la't ereat Glaciation in 
.-Maska,” Jourii. ll'asliiiuitnn .luid., \’ol . 1915, [ip. insUii: 
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the rapiilly thickening mo>s and consequent rising plane of frozen 
ground cut i tt nutriment from the existing rout', necessitating the 
formatii'in of a newer set nearer tlie surface. He measured one tree, 
which had _’4 inches of vegetable matter above the lowest horizontal 
root'. At () feet above the surface it had 373 annual rings, so that 
the growth of the ])eaty ma'S had been at the rate of one foot in 
tiliout artt wars. ( )ne foca of the conijiact peat lower down repre- 
sent' a much longer period. 

r_\rrell'“ luis 'tudied ]>e;it tlcT)o~its in a great part of Canada. He 
notes that in nisrthern Canada the peat, to to 12 feet thick, often 
rc't' on a plate of clear ice The water for this came from 'prings 
below the permanently frozen ground and it favijred the growth of 
]wat mo"e' in summer. The jieat of Canada, except in the southern 
portii. n. Consists practically of undecomposed nioss from top to 
Iioitoin, as the inteU'C cold prevent' change, the biwer pi:rtions 
being irczen. In the Klondike region, the moss layer is rarely 
more than 5 or di feet thick, but there may be belcwv it a variable 
ma'S of " muck,'' a mixture of sand aiii.l vegetable matter, the latter 
iiLit from mosses. This muck he thinks originated in part as vege- 
table mciuld which has slidden down into the narrow valleys. It may 
contain about 30 per cent, of plant m.aterial. 

Cochrane,' ■ whr. cros'ed .''iberia long ago. was more interested 
in th.e people, the roa'.Is and the weather than in geology, but he has 
given sijine note' respecting localities in eastern Siberia, where his 
progress was impeded, (.hi the return journey from Xishney 
Kolvmsk. X.I.. (/<)-. E.I.. K o^. soutliwestwardlv to ( 'ikotsk. X.L. 
fiO', E.L. 1424 he travelled over a regicai of mostlv overflowed 
meadows, alder country and "marshy swamps"; the last ])art of the 
distance. 7 days' journey, is a continuous swamp covered, at times, 
with fallen trees. Iletwccn < Ikotsk and Yakutsk, X.L. (.)2', the route 
from the ( )kota River passes for long distances across wooded 
swamps: for 50 milc' east from the Aldan River, the region is a 

J. B, Tyrrell, " Cry.'toi'liene.s or P>iiried Sheets of Ice in the Tundra of 
X'orthern .\merica." Journ. of Ccoloiiy, \'ol. 12, 1904. pp. 232-2.^0: also letter 
of -\ut;ust 3, 1915. 

’■‘ J. It Cochrane. " Xarrative iif a Pedestrian Journey through Russia 
and Siberian Tartary." Amcr. ed., Phila.. 1S24, pp. 220, 225, 234, 238, 319, 
325. 342. 
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mo't dreary, ,-\\ampv p'.ain, the riaul heiti,^ a uaiod.oii caii'eway in 
the latter half ef the d.ijtanee hh Tty miles of .'Wainp were ein 
CL'initeredi in tlie t'O mile' east from the Lena River, loehrane 
thinks th.at Silieria is an impregnable prewinee. a.-, riwine,' to tlu ta-t 
extent of the >\\:imp'. a few hour' of work would reinler am one 
of the rciads impas'ablc. 

Atkin.'on' ■ ha' yiven .'ome information re-'peetiny we'tLin 
Siberia between Ekatherineburg and Tomsk. In gt.iny from ( im.'k 
to Kainsk, a distance of abe>ut 2cio nnlc'. lie cro'^ed much >wainp} 
area. Continuous at one time for 31 mik-'. There arc many lake' 
south front Kainsk in an area rvf 150 bv 40 miles, all of them 'Uio 
rcainded by brciad belt' of reed'. INlcirass prevail' between the lake' 
as well as for nearly 100 miles farther southward. 

XorJenskiold's’i" references tr.i peat are merely incidental His 
studies were along the coast and excursieuis into the intericT were, 
for the greater part, comparatively shc.rt. Th.e plain cm the Vahr.al 
peninsula, west from the nicaith of the Yenisei, is tiuulra-like. full 
of marshes and streams; c.,n Tainiur lanil farther west, the plains are 
covered with a continuous, very green vegetation, a mixture of 
grasses and allied plants with mosses and lichens. In the llyd.a pen- 
insula, where Schmidt obtained remains of INIammoth in iSoo. X.L. 
70". the stratum containing the remains rests on marine clay and; is 
covered with sands alternating with bed' of decayed plant material, 
completely correspending with peat deposits formed in lakes c.f the 
tundra. The description of the Chukch peninsula, in n; i-thea't 
Siberia, is very similar to that given by Cochrane. 

Incidental references in a descripti<.m by the Comite' ge-lMyiiiiie 
of Russia-'’’ give some conception of the marsh-covered area cn br.tli 
sides nf the Transsiberian railway. The Steppe de Raraba, between 
the Irtych and the Clb, about 10 degrees of longitude, is ilescribed. a- 
differing from steppes at the west in that it has many great marsliC' 

^‘T. W. Atkinson. "Oriental and WA-'torn Sdieria." XAw Yi'rk. 18:8, pp 

151, 153. 156. 

E. Xordenskiold. "The \'o>ac!e of the \'eea.” Xew York. 1882. pp 
154. 253, 309, 422. 

ic " Apergu des exploration.' geolo.yiques et miniercs le long dii Trans- 
siberien,” Publie par le Comite Geologiciue de Kiissie, ii;(x). pp 4, sj, dp up 
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and forests of birch ainl aspen. Beyond the Ob, the road passes for 
ahrnit 50 miles through a marshv forest of pines and firs, which 
extends from near Tomsk southward for more than 300 miles almost 
to the head of the Kia River. In the area west from Lake Baikal, 
within the drainage area of the Yeni.--ei, there are impassable marshes 
of vast extent, sometime> forestetl — the Taiga. This condition 
exi^ts between the Kau and Oka Rivers and northward to the An- 
gara. Beyond Lake Baikal, bre>ad valleys hold great marshes covered 
with vegetation throughout and conifers arc abundant in such locali- 
ties. East from the Yablonovy mountains, the Taiga is characteristic 
of moist area ; pine.--, firs and black birches are the common forms. 

True peat is present in localities where the required conditions 
appear to be wanting. The so-called forest peat has accumulated to 
a thickness of several feet in many place? within the Rocky IMoun- 
tain region, the material being merely offal from dense forests of 
giant firs. In northern Xew England, one often sees the surface in 
railroad cuts mure or le?? covered with moss-peat, though the rock 
is a gravelly sand. This is wholly similar to the Rohhumus, seen so 
commonly on rock surfaces within forests of both Europe and North 
America. But the needed conditions are here, though not sufficient 
to encourage rapid growth. The off’al from the trees is abundant and 
retentive of water, while the moss, once saturated, parts very slowly 
with its moisture. 

Extent of Peat Deposits . — .\s already stated, a peat deposit may 
cover only a few square feet or it may cover an area of hundreds 
even thousands of square miles. The subtropical Everglades of 
Florida embrace not far from 7.000 square miles : the partly living, 
partly buried peat of Llolland. Belgium and north France has nearly 
as great extent, as shown by Lorie. Russell's exploration of Alaska 
led him to assert that peat covers not only the vast tundra but also 
mo--t of the wooded region as well as of the river plains. The buried 
fleposit of the Ganges delta has been found in numerous borings 
within a space of more than 2,500 square miles. Skertchly has shown 
that in the Fenland of England the peat is practically continuous 
throughout 1,800 sipiare miles.^^ Great areas exist on the north 

r' R. M. Harper, "Preliminary Report on Peat Deposits of Florida," 1910; 
J. Lorie. " Les dunes interieurcs, les tourbieres basses et les oscillations du 
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German horilcr 'I line ' >f w hieh are e. enjiaraiile t''the I'-nn'''’’ I'en'.ami. 
In t'ne maioritv lai the ca^e■- citeil. aceumulatii a! ■ ceiirreF. "ii ei'a-ial 
plain', hut the itreat rivers .a' Ala.'ka. Sumatra, rtiraen.i'. . Ih'a/il ami 
otb.er laiicl? how amiil va't plain.', which are peat ciwe'a'! .v. mnAi ' 
their extent. 

The tiatal area, with.m wh.icli jicat lui' heen acciimuiatmL; '-nce 
the (Juaternar\ henan. j'r'ahahlv excee<l' th.at in wiiic'i 'I'mi.ir >ie- 
pij'its accinnulateii ihirintt tiny pri'T peril hI nf 'imiiar linra.tiun I'inn. 
IS nrit te> .'ay that C' ■nteinpurane' im ilepe'it' were ;ii aip' li’i'e C' n- 
tinue'Us thri.nig'hi 'Ut the area: the_\ were m a ami tlie_\ a.i'e n-'t, 
more than briiavn C'..a’. or 'tone- cual was cntmu. .im tin.a lua'.r -nt liie 
rc^iiiU' in which imck' nf tile respective aitc' are feumi. < Mw mU't 
always bear in mine: that the great elcposits oi peat ilni ir a beam at 
the 'ante time thrnughnut tiieir present extent. It m a.h- e'etlur priT- 
abie for all. a.s it is certain ict many, that .'riginaliv th.e\ were '■'■ail 
separated patches, be.ginning in fav.irabie I'Calitic' ami liecmning 
united by transgression. This proce'S is not ce-nfinei! to lr.tv-l\mg 
areas: Loric-' has prr.vcil it' importance in the i lociiir.i m irs of 11, il- 
land. If conditie'ins favrring grr.iwtli were checked, th.e i:iiliv:d.i:;'.l 
deposits would re:nain isolated. 

Growing peat offer' great resistance to erosion. U' i- well-known 
to those who are familiar with conditiijits on stream' wh’ch :ire 
subject to violent floods. But wliere the accnmulation i' on a. 
permeable yielding material, it may be floated off’ tifter long con- 
tinued flooding. A good illii-tration has heen given bv Carpenter. ■ ' 
who, in describing a ride through the Panama caii:d., -avs that on 
Gatun lake he found floating islands, trupictil -wamp' lifiul finm 
their foundations by the rising water, some of them several .•;cre' in 
extent. Cither notes by thi- author m;iy be given here', ihounh 

.sol," Arih. Mus. Tcylcr. II. \'ol. III.. jip 4^4-437, I C ■■ .'u-- 

face Gcolo.sjy of .Alaska." Bull Gcul. Sue. .liihr, \\il. I, i.si,o. ], ij,,. t' 
Lyell, " -Antiiiuity of Man," 1S71. pp. 336. 337; \V T I'.lanf, t,!. ■■.V .Mai iial 
of the Geology 'jf Inilia.” 1879. p 4 ih>; S. B I. Skenclily, ■■ Tia I, ,a\ ,ii 
the Fenland,” Alem. Geol. Sure, of Great Entain, 1S77. 

^'J. Lurie, " Les hautes tuurliieres au iiord du Rliin." .h\l) Mus Te' ur, 
II., \'ol. I\' , 1893, p. 1O9 

F. G. Cariienter, ’■Steaming through the Canal," . 1 .,,.? .he/eic.^ Tiuirs 
January 10, 1914. 
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the\' concern inatter- to Ijc coii'.idered on another page. He was 
"■urprised liv the ahnndance ot floating and a(jnatic plant'. Already, 
within the few weeks of the lake's existence, great bed' of water 
lettuce and of water hyacinth had covered much of the surface and 
\vere associated with ext end ve patches of green scum. The water 
h\acinih had become a pc't. The destruction of fore-'ts had been 
rapid : non-water-loving trees were killed bv gradual rise of the 
water-level, but ))alm,' 'bowed great power of endurance. Fre- 
quently one of the latter is ^een with it' trunk completely 'ubmerged 
and only the crown of letives showing above, resembling a bunch 
of gigantic ferns on the surface. 

I hit when dried by exposure to light and air peat is unstable 
nuiterial k'htmge in direction of drainage may deprive a consider- 
able area c, f the needed moisture and growth will be stopped. 
Unless the surface be invaded by trees, running water will bretde 
continuity of the bog and that will be rui)tured into " hags." of 
wdtich Scottish writers have given vivid descriptions. In a moist 
climate, this j)rocess of destruction is slow, ;is is 'ecu in much of 
England and Scotland, because peat absorbs moisture and retains it 
with great tenacity. It may well be that growth may be checked or 
wholly stopped in one portion of an area while it continues in 
another, as in the Feiiland of England, where peat still grows in 
one di'trict, though the general climatic change has caused cessa- 
tion elsewhere. If untoward conditions continue, the peaty cover 
bcc(.)mes desicca.ted and is removed bv the wind or other agencies — 
a fact which is unpleasantly familiar to those who have cultivated 
<lraincd peat bogs. 

Pcat-forniiihi F^huits. — Peat, being merely vegetable material 
undergoing chemical change with greater or Ic'S e.xclusion of 
oxygen, may be the product of any group of plants. The uopular 
lielief, based on surftice .study of bog' in northern Eurojie, has 
:dw;i}s been that mosscs are the chief source of material for peat: 
and this no doubt led to the conception that no true peat is to be 
found within the tropics, since neither S [-'hail nil in nor H\['uiiin 
])rospers amid tropical conditions. \ et more than too years ago 
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AIl'X. Bixin^niart- ' aniioiiiiccil that pcat^, cuti'i-tiny \\hi'Il_\ df k.ui.'.'. 
hail been eih.'erved in Ih.Iland annl that 'inhlar lieini-it'. inriiR-ii dl 
letive.' from re.'iitutis tree^, oe'e-tir in the Jura. I'liere are \.e;-i niai.) 
peat ilepd.-it." without SpItLhjiiii))' It anil other nid-~e^ oeeitr rarel_\ 
in th.e peat.' of Flornla and it .'ecni' to he wantiiiet in t‘'-e lx nnpar- 
.''lak area of fat'a. M dlennraai'f a"ert' tli.it nio"e' ediiiriiiiUe 
little to tile peat' of eeiitral Borneo, l . .\. l)a\i' Ini' 'liov n iha! 
.Vr/.aa/i.'.’';;.' i' a. eonipai ati\ eh late eonier into the Mmlnean pe.it' 
and tliat it i' still ah'eiit a.t a ere.it proportion of the loe.ditU' 
Jfven in northern J'.iirope. inane oh'ereer' h.iee in.ide it ele.ir that 
nio'.'e' tire only ti few of th.e ]ietit-forniinL: plant', and ni tlie obler 
ileposit' there tire thick hench.e' in eeh.ich. .V/'/iii. i' ahno>i or 
altnxether wanting, pjttt ino"e' are all-iiiiportant in arctic and 
sub-arctic eleposit.' of tin.' diay, wdiile thee are coniparatie'ely iinini- 
portant in thO'C of the temperate and .'tih-tropical a.' e\ ell a- 
tropical areas. 

Sed,ipes appear to have been the mo-t imitortani peat producer.^ 
in much of the north teinjierate zone; hut a jietit deposit i> not the 
product of any single plant or group of plants, though thi- i' not 
to den_v the e.xi'tencc of 'tich deposits, for they do occur under 
c.xceptional conditions. In the southern part of the United States, 
one hniU conifer' and deciduous tree' making- the chief contribu- 
tions ; the condition i; evidently the 'anie in central Borneo, where 
according to Molcngraaff. the jieat coii'ist' tihno.'t wholly of re- 
mains of trees, and Reorder; make.' a similar remark respecting 
Java. Any plant, ajiparently. may hecuiiie a peai-mtiker : the 
hyacinth, introduced into Florida, where it threatened to ruin the 
navigable river.', has become a peat-piroducer of no little imjiortance. 
Certain members of the palm family contrihute to the jieai deproit- 
of h'lorida and it appears altogether probable that, when th.e peat- 
of the -\mazon. f )rinocf) and Paragutiy have been 'tudied. palni' 
will be found among the most important of the coiuribtiting plant'. 

It is well known that the 'edge-as'oeiation. in advanciiiL; from 
the shore of a lake or pond, is very apt to form a flc-iating mat. One 

-"Alex. Erongniart. "Traite elemcntaire de iiiiiieralnene." Pari' iSny 
T. II.. p. 41. 



STEVEXSOX— IXTERKKLATIOXS OF THE FOSSIL FEELS. 35 


i'lnd? thi- i-howii in the Siuld of the Upper Nile. Willey-^ .‘;peak^ of 
that as the serion-- obstacle to navigation between Khartoum and 
( iondokoo. The principal interruption is miles long and within 
I 50 miles there are three others aggregating 60 miles. The growth 
is very rapid after an unusually high flood in the upper rivers, which 
brings down much vegetation and sediment; but if the rainy season 
be short, the growth is checked and the current carries out the 
voting plants, not vet strong enough to resist. The top in the older 
denser areas is so dry that it can be burned, but the mass is so 
matted that it must be cut with saws and the pieces dragged away. 
This Sudd consists mostly of water-papyrus and a bamboo, known 
as elephant grass, with a convolvulus creejiing over all. Besides 
this ill sitit material is more or less of transported stuff. One would 
imagine that this last would be in comparatively small proportion on 
the lower sections as most of it would be stopped by the first raft. 

\\’right-- cites ^^'illcox to the ettect that the Sudd interferes seri- 
ously with the river's flow. It causes division into numerous 
streams, which lose themselves, north from Lado. X.L. 6°. in the 
extensive swamps ; W'illcox suggested that the channel could be 
opened by dredging and could be kept open by planting willows 
on the banks, which would enable the strong current to prevent 
closing. The absence of willows along the banks makes control 
of the swamps impos-ible. Wright cites also Lord Cromer, who 
notes iMajor Peake's discovery that the Sudd is not simply a tangle 
of vegetation floating on the water, but is a mass of decayed vege- 
tation, ])apyrus roots and earth, much like peat in consistence and 
so compresseil by the current that at places elephant' can cross it 
safelv. -According to Willey, the thickne'S is only a few feet in 
the overflowed swampy area but increases abruptly to 15 and JO 
feet in the channel. The clo'e re'cmblanco to the floating mat of 
more familiar tvpes of seilges is evident. Were it not for the rapid 
current underneath, the whole channel would soon be filled by the 
more or less decayed material from the under side of the mat. But 

D. -A. Willey, "The Barra,i;c of the Xilc," Cctiij. Miiy.. \ ol. XXL, 

1910. pp. 174. 184- 

G. F. W’risjht, '■ Scientific Confirmations of Old Testament History,” 
Oberlin, 1906, pp. 74-77. 
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thcjc cun■ent^, e\ en in. great tlooi. 1 , are puw erle." agatn-i the mat. 
the river at -(inie place' is diverteil into :i faEe chaniKl iait at iither~ 
it ptL'-'es through :i serie.' of >hallo\v lake'. 

1 he group> 111 higher ]>lant', coiitriliuling to proilmiion oi jn-at. 
are for the mO't part those which 'prefer a M.'ii cont.;'.!!;r,e o;'g..irc 
acid' formed during ilecuinpO'ition of vegettihle inatlir .''nua lU 
them are provided with root iiiodihctition'. entihlme I'tem to L;ri'','. 
e\en t\ hen rooted in water-covereil petit, l Hher'. th.e oia'm.o) 
conifer? and deciduoii? tree-' eif 'Uanip area?, htive no 'uch luo-'a- 
hcatioti' and grow onl_\ on the Ic?? inoi't portion' In. ca'i lit. 
water-level rise pernKinently 'O ti' to prevent aertition lU th-e root- 
the tree? die: but mere accttniultition of peal tihout tlie root' n no’, 
the direct cause of death, a? it i' proved ahundantl} b}' the exi-t- 
ence of mighty tree? m the western forc?ts. the intertal' iietweei: 
them 'howing several feet of i>eai_\- ticcuniultition, m which Mump 
hr? and ?crubby oak? haw grown from the seed. The gretit 7\.'.ro- 
diniii and .Vvs's'ii are rooted directly in the water-covered peat. Inn 
aeration is secured by means of the ‘■knee?" and the arched root' 
which ri'C tibove the water ?urface. .\er;iiion n a? nece."ary ’.o 
these trees as to the others and they can he drowned niiite a' ea'ily 
as the juniper?. Lowly form? of jilant life make, as a rule, mere’y 
incidental contributions to peat, but under certtiin conditions they 
ma_v accumulate in mass. Some fcirm? of fre?h water tdgte are co:i- 
stitttents of organic muds in jiools or ponds, which 'O often become 
the foundation for peat, while ijcca'iontdly one tind? a layer of 
diatomaceous earth in or over the jieat. 

Classificatioi of Peat . — The great economic importance of jieat 
in some Germtin states led early to closC 'tud\' of that materi.al i'l 
all it? phases and. of course, to cla"ihcation. a dilterentation of the 
varietie? of jieat and of the tyjie? of depu'it'. Thi? work had been 
done in great part by the diggers before scientific 'tudents began, s,, 
that in till efforts at classification rme find? greater or le?? it'c made 
of the popular terms. Zirkel-' oitereil a grouping based on the 
charticter of the original matcritd? : 

IMoostorf. derived from water-loving niO"C', chietiv S f'lhK/i’imi . 

F. Zirkel. " Lehrbucli der Petroffraphie," r.imn. iSnii, A'ul. I, p tp.’s 
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Conferventorf , from free-swimming plants, ConfervEe, Xaiaas, etc., 
llaideiorf. heath-peat from various heaths, largely Erica tctralix, 
_Holztorf, mostly from mouldered stems of trees, 

Meertorf, from seaweeds, is of rare occurrence. 

Xo one of these forms, except very rarely, is found as the mass 
of a bog, but all may be seen in the vertical section of a single 
depO'it, indicating variation- in conditions during growth. Zirkel 
gives also the ordinary terms designating difference in composition 
or structure : 

Pcchtorf i- pitch black to brownish black and is apparently almost 
homogeneous ; the plant remains are -o changed as to be prac- 
tically unrecognizable and the material, when dried, is very 
similar to Tertiary Pechkohle. 

Raseniorf is yellowish brown or wood-brown and the remains of 
plants are distinct. 

Fasertorf designates fibrous remains of plants, penetrating the 
Pechtorf. 

Papiertorf is wood- or soot-brown, with the remains of plants little 
changed and in separable layers. 

Torferde is a peaty earthy sub-tance, friable and with few recogniz- 
able plant remains. 

Baggertorf is a black-brown, pulp-like peat, obtained by dredging ; 

it dries to a hard ma>s showing no vegetable structure. 
A'itrioltorf contains much ferrous sulphate. 

Some of these terms are unimportant, but others are of wide 
application, designating types which have been considered in all dis- 
cussions. A on Gumbeh* introduced a number of new terms, several 
of which have come into general use. For Pechtorf, he prefers 
Torfpechkohle, which is the Dopplerit of Haidinger ; instead of 
Baggertorf, he suggests Spccktorf and for Papiertorf, Bkittertorf. 
For Fasertorf he would substitute Torffaserkohle ; the former term 
is employed by several writers as descriptive of the felted mass of 
peat ;o that it is not definitive. The Conferventorf of Zirkel is 

-* C. \V, V. (himlid. '■ Iteitr.ige zur Koiititni^s der Texturverhaltuisse der 
Alincralkohlen,” Sit:, d. k. Bayer. Akad. d. Jl'iss., 1S83, pp. 128-134. 
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clearly the Dy-gUtja of II. \un I’o.-t. the I.elicrtorl of I'a'part. the 
Sa|)ruj)el-ititiil of I'litonie. 

The salient characteri?tics of peat ilejiu'it' tire practica.lK th.e 
^anle in all laml- tind the docripiive terni^ einplo\ ed in diifieretu 
languages are tdinO't eiptivalent.' ; the (lernitni Ilochiuoor n’.a\ he 
regtirded ti> the 1 leathenni.ior of Scotland, the tourlnere haute of 
Holland and France; the Xiedernioor. Rti'ennioor, W ie'enuMor ..nd 
Grunlandmoor are but phases of the bognieadow.-, niora-'e-' and 
tourbiercs ba.-'es of other kind-;; and the W tildnioor i- a fore-ted 
bog. Danish students long ago recognized the tvpe.' uialer th.e 
names of Lyngmose. Svanl})nlo^e or lloennose, frir the llochinour; 
Kjaermose or EngmO'e tor the bognieadows ; and Ski.ivmo-e for the 
tvooded bog. Later German writers in some in.'tiince-. u-e lioch- 
moor, Flachmoor and Zwischenmoor. These several tvpe-. where 
the succession is normal, occur in definite relation to each other, 
marking successive stage^ in the growth of a depo-it. 

Gyozctli of Peat Deposits . — Ihe succession of -tages in growth 
of a peat bog wa? determined in detail more than too vear.- ago. 
All who have visited ponds in process of tilling by peat are ftimiliar 
with the ofttimes concentric baniL of differing plaitt associations 
around the central water-area. This striking feature w:is empha- 
sized by observers at a very early date, but a comparatively recent 
reassertion of the relation, as bearing on the formation of coal beds, 
seems to have come as a revelation to some, who had alreadv dis- 
cussed various questions relating to coal and coal beds. It i- at 
least strange that the literature respecting peat appears to be un- 
known to so many geologi'ts. since it is not confined to brief notes 
or to memoirs scattered through publications of learned oiicieties, 
but includes elaborate treatises, some of them more than too vear- 
old. IMany of these appear to be inaccessible in this country, but 
they have been cited so frequently by writers in Europe that one 
must believe them readily accessible there. Their e.vi-tence ha' 
been ignored in discussion of coal relations, except where a casual 
reference enables a writer to show that the credit for an independent 
discovery does not belong to some later investigator The facts 
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concerning growth of peat in water-basins have been known long 
time and the reports of observations were published widely. 

In 1839, Palliardi-^ of Franzensbrnnn, Bohemia, described a peat 
bog near that city, which had been dug for fuel during many years. 
It covers a space of one bv three miles and is from 4 to 5 feet thick, 
occasionally reaching a maximum of 14 feet. The peat grows again 
in spaces whence it has been remove<l. In the second year, algte 
appear and in the third there is a more definite vegetation, duck- 
weed being prominent. During the fourth and fifth years, rushes, 
sedges and reeds form a floating cover, which the natives term the 
" cow paunch.” ^^'ithin ten to twelve years the surface is covered 
with Erica, Vacciiiitin, Salix and Pinus; and after thirty to forty 
years the peat may be cut again, if the water-supply have been con- 
stant and the cattle kept off. The deeper the deposit, the denser, 
more like brown coal and richer in Ititumen the peat becomes. 

In 1854. \'ogt-'' recognized that the first stage is apt to be marked 
by accumulation of aciuatic animals and plants, the latter mostly 
free aigte. Somewhat later, Heer-' described the process in detail. 
In water, organic life begins with the algte; even pure water, ex- 
posed to light and air, is full of little plants with boundless capacity 
for increase : they cjuickly appear in vast multitudes, which eventually 
sink to the bottom and, mingleil with newer, higher forms, give a 
layer of organic matter. Then follow the floating mosses in great 
lawns with myriads of seeds, which, in spite of their minuteness, in 
time form a considerable mass of organic substance. Thus the way 
is prepared fiar life conditions of flowering plants, which arrive 
quicklv. Bladderworts appear and the water-milfoils root in the soil : 
water-lilies spread out their leaves and cover the water : reeds press 
out from the shore ; rushes and sedges form a thick complex of roots, 
which gradually extends over the whole and the water is concealed. 
This peat mass, constantly growing denser, draws moisture from 
below and in its soft, damp polster nest Menyauthus, Andromeda and 

Palliardi, in W. A. Lampadius. “L'eber den Schwartztorf und dessen 
chemische Eigenschaften,” ] ourn f. pr. Chem.. 1839, ate Bd., pp. 16-18. 

C. Vogt, “ Lehrbuch der Geologie,” ate Atifl.. 1854, Bd. II,, pp. 107. 108. 

-' O, Heer, “ Die Schieferkoble von URznach und Durnten,” Zurich, 1858, 
pp. 2-S. 
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licPahs, A -iiC-i ':l\l ' r.’.c I' 'I'lIIu.iII' ' ll 1 ;’.c -;ikc 

XiivX !i", lOc tii' Oi> iv >1 Xi;t 

the} break' It a Iter t'fe.aniu; ;i naat beu'u ea ; w ei^b:, eo i,.; i 

the 'Mlt aaiteriah wlie'e the} tire e"U\erte'l irt.i peat, a- X ;';e V" 

''ira \eaetat:.iii 1 '.',e\ a"e rea'h!\ I'Siriunieii i)' i wi;- - ■ 
that ;'et.: I' eriiW'ieil a ith btreli an 1 hr:-. ! ’etit ■ ir'r; nate ' o.a'th h‘ .'t 

I'erti} fr.i'ii w ate"-: 'lant'. I'-irt'.} nr ’n >\s .'.ir: e-aer - 

th'}' the airl ni-lte'. jiartly ir.itn u.i’h}' jetint--. l''e '..aal 

part' e'.uiiiae -heAl} while t!ie -"fier oart' bee"T.e a at:!;'} .i-- 

en\-e'."i';na tile 'it'.ier.--. I'.y c'.int.iite' eitanue' ;i W a'.''”'‘ne- :-.-.ay he ,• a- 
aerteh: iiU' ■ a 'lb ri".t""r anil that auain •!:: ■ a Whh.' 'la y'aata 
^e■etl'■'^ in wiiie'!: ;i -iie'e'e'Air'n ni i"re't' 'h"V.n 

Three r'ears later. v"n I’o-t-' i 4 r"U;'e'.i the ^ue'e'e'.'i^ e I'.eji'. 'il- i:it" 
nittii ilhyttiai, nttnl-yetit m!}’. .rfi anO. peat ii'^rfa lit- ea 're'h.i'i' r.' 
being th.e oute'otne oi nieire than io year.'’ o.xperience i:i the peat 
inilu'tr}a In iSia3. he pre•^en:e'! a re-'iinie ni hi' ^tUllIe,■; ti' a lecinre 
before the L'psala Institute. He hah feninil tiiat ntei't of the Sweili.'it 
peat nte.-^ses began in }vatcr-ha>in.-; tnrl th.at the b'ittoin niateri.al. e'lti} . 
mud or calcareou? tufa, i-^ sediment iro:n more cir les' inudd\' water. 
A mrist important stratum is the brown eariii. Dy in ?we‘li:-'n, whie'h 
was feirmed by precipitatieni from the brown waters, e'emltiinint; 
huminic substances, quite analogous t'a tiie brown waters of river' 
ThC'e huminic suit-stance', leached frnm accumulatinns r-n tlie land: 
surface, are carried into the lakes by heavy rains. Spring water ll^u- 
ally ciontains salt' o'f calcium, imn and tduminuiu When tli:,' enter' 
the lake, huminic salts of slight solubility are precipitated, giving the 
brown kner-s. the Dy or Dy-jord. As this material g- -e' 'i .\\n. it 
carries with it algte (diatoms, etc ). fragment^ of m-sHusk'. water 
inseci-s and either iliibri'. including excrement nf animti’'. pas- 

sage to ordinary peat is gradual. Dy' ma_v be fcrniing in tlie "i-en 
portiion of a lake while successive stage' of Im ig-deve’.' ipnient are 

show'it on the shore ami it may re-appear within the peat. < )ver- 

flow, giving a constant rise of the water-level, may caU'C destruc- 

-DI. von Po't, in K. t'ct. .Ihud Ihiiull. (41. iWn, nut ^cen liv the writer; 
"The Formation of Peat-mosses with Especial Reference to the Theories of 
.X rilytt,” Ihill Cicol. lust, i'liiz-. I f'Siihi, \’ol r. 1X04, pp, _>X4-jSS, 
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ti'Hi of tree? on a fore'ted moor and bring about return of the peat 
Condition. 

I '(iikoniv.-'' after exhaustive 'tudx of the Hungarian moors, pre- 
sented a classification of the deposits and described the stages of 
gr.rwth. lie recognized two general tcpes, Hochmuors and Flach- 
niuijrs, eijuivaleni to the supra-aquatic and infra-aquatic of Les- 
ijuereux. The former include both forested and Spliayiiuiii moors 
and are confined to higher land, while the T'lachmoors. of many sorts 
and with nianc' names, are on lower lanil and have an approximately 
level surface, contrasting with the convex surface of Hochmoors. 
The successive singes in growth of the Flachmoor are Hydrophyton, 
Roh.rwald, Rulirwiesc, Wiesen. IMoorwiese, which correspond to those 
indicated by observers alretidy cited. It is not necessary to make 
citations from the wcirks by Rennie, Steenstrup. Senft or others of 
the earlier investigators in northern Europe, for their ciMiclusiGns 
differ in wholly unimportant details from those of the later students. 
It is certain that the successive stages in development of a peat de- 
posit were recognized more than three fourths of a century ago : since 
that time, the scheme has been modified only in detail. 

In 1910, Potonie. using the Tlemel delta moor as the illustration, 
summarized the stages thus, in descending order : 


Hochmoor, 


Zwisch.enmoor. 


I'lachm.cior, 


Sea-climate I lochmoor. 

Hochnijor \'orzone, in part with Anindo 
phnujuiitcs. 

Conifer inner forest zone. 

Ihrch zone. 

.Mder moors. 

Reeds and rushes, shore zone. 


Sapropel deposits. 


In a Hochmocir under a land climate, where the rainfall is less, 
the succe-.'ion is cnmpleted by a heath stage, during which plants of 
the heath family take possession of the surface. This, Potonie sug- 
gests, may be regarded as the expiring stage of peat growth. If a 
boring were made through the Hochmoor and underlying materials 

-'X\ Pokorny, " L’ntersudumgeii iiber die Torfmoores Ungarns." Sitz. 
. Ikad JJ'iss iriri’. Dd. XLill , .-\bt. I.. i? 6 i, pp. 59-C3. 86 - 
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t. ' the ;;t;:tcr;i! h ^ t'. :t w tthl tei" tar. .a the 'ewral 'taye', 

each ‘I ah.ich w ■ 'cM he cr. "e.l :ti f. i.\ '.tie; lae 'I’.ri.ice n'.'r, ; 

J [. chiittiMir a I :h,e wtiterh- e''^c 

I’.i'.t ate r.at't ala a\ - hear m niind ta.at the ..r.'.er .i' e;i\e'’. i' i ■ -t 

:ih~. ihuiLe ; a i' ii’ere.' t’tat ii!>'e'"\eii w'a.ere I'Se tilaiiiL; • ' a . .i-r' ai' 

heeil CiJiltiai'a ca... ail. I I’ai.li'ttirheil ; an_\ ■ Ue . .r tr.d'l .'l t.:e 'taec' ' a', 
he driittei': aial ;ui\ 'tatje nia\ he repetiteih laica! C'>ia.';'. !> c f. c 
th:c sr.ccc-'>idn. haat i:i ^1 icr.'.e;:n!. ti' a'CerttiKie.! h_\ lhai'. t-. a-ce:ii;- 
iiit;'. ' 1 I A .lei)d.,u fi.rnte-i h_\ L I'ani tin.i ih.at'a'.e a'.e.c; > -’ > ia t'.a 
sltalh.v.cr wtiter. Tii’.haveil i)_\ w titer-'a k - ; 'a :te\: 

behittii !> the lh>:itiny; nitit "f 'ed^^e' eNletl t. ’ ;t Cl ler.'.'i e Fl" 
tance fr.jtii the ^h. tc: material fruni the tm.ier 'aie ei t.',;- tr.at accf- 
aiulates near the >hdrc and 141 'lirub,' tiial anpeti': ' 5 1 

tatnarae'k and ?prue'e adivance witli lern-. 

These stages are dh^tinct tir'etni'i the .'pen water an..' tile tree' 

are all rnated in the iietit. wliie'h c. ntituie' n - ae'e'unutlatc .\hile the 

trees are grewing. Sfhac/niim is seen ^^r^t after tile surface risc' 
to 2 inches above the water-level. 

This general succession is that observe . 1 in [.eat depo-its f.jrnied 
within gradually 'hall..>wing water-lia'ins : it applies .jnly locally t.,. 
the great deposits formed on extensive plains. 

The Leberturf or Sapropcl Sttu/c. — Klapr. ah"' ajipear' to be the 
first describer of the materia! kn.iwn in later time as Lebert.crf. 
In 1S07, he reported the chemical composition of a new combustible 
■■ fossil," which came from near Bartcnstein in East rru"ia. Tlie 
detailed description of the substance leaves no room for d.vabt a- t.j 
its relations. Xo later notice ha- been seen b_v the writer prior t. . 
those bv Steenstrup and von Post.'^ The former recygnize.! a .le- 
posit .of am.orphous material which rest- "ii the underclto ..f bi.g'. 
while the latter described the Dyto.rf, which Usually un.lerlie; the 
peat. The substance was redi'Covered by Ca'parc - in i.Ry. 1 lie 

M H Klapr.itl’. " P.eitrrsrc ziir chemi'clKn KeiimiU'' liir Ar.iwr.il- 
k.jrper,” Vol. I\' , i.'^oy. pp. 378. 379. 

Streenstrup, .'Ummarized by Morlot. trail' in .X.i! R,-j' Sniitlss '.: Ins!. 
1861. pp 304(1 : II v.iii Po't in Swedish .Academy. i.St.i 

3 - R. Caspary. " Leliertorf von Purpesseln," Schriff k. Ccs 

Kiiiiiiisberr/. liter Jahrp: 1S70, Sitz , pp 22. 03 
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had received from Purpesseln near Gumbinnen in East Prussia a 
peat, so peculiar that he visited the locality to learn its mode of 
occurrence. The moor was of moderate size and shaped like the 
figure 8. the broail portions lieing joined by a narrow strip. In the 
northern division, under a Cover of one foot, he found \\ iesentorf, 
9 feet thick, black-brown and excellent fuel, containing many hard 
roots and fragments of ^tems. Tlii' overlies 5 feet of " Lebertorf." 
which is almost homogeneous, green-brown, very elastic, with coarse 
conchoidal fracture, with no trace of leaf structure and in appear- 
ance almost like animal liver. Occasionally, a root fragment occurs. 
The substance can he ground to jiowder under water. 

When dried. Lebertorf is wholly different. It is grayish-black 
and almost invariably laminated, but the laminae are irregular, with 
no great e.xtent. often as thin as paper and at times in meshes. It 
parts very slowly with its water ; dried by exposure to the air, it is 
hard and. when cut with a knife, has brilliant black surface like jet. 
L’nder the microscope, fresh Lebertorf is found to consist of minute, 
light, grayish-brown granules with no trace of structure ; bits of 
crustacean tests and well-preserved pollen of Pituts syh'estris are 
abundant ; with them are occasional disintegrated parts of plants, 
showing cell structure. The southern portion of the moor seems 
to have only an insignificant trace of Lebertiarf. the ordinary peat 
resting directly on the impermeable blue marly clay. 

In 1883. von GumbeP' examined Lebertorf from Purpesseln and 
discovered that it has a felted structure. It contains some insect 
remains, leaves of grasses and mosses, many round balls, probably 
spores, and vast (luantities of pollen grains, more than i.ooo to the 
cubic millimeter. Specimens from Kimmersdorf, near Gesterode. 
and from Dolicwen, about too miles east from Konigsberg, agree in 
that the cross section shows a uniformly dense mass composed of 
dull material like Pioghead. The lamiiuc are exceedingly thin and 
contain clear yellow particles and lens-like segregations of red-brown 
lint along with several thoiwand pollen grains to the cubic centi- 
meter. He was impressed by the extraordinary resemblance to 
cannel and conceived that both substances originated in the same way. 

Oi c. W. v. Gunibel. " Beitr.ige," etc., pp. 132, 133. 
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Fnih’’ remarks :!iat a'l^cf a:'c rare a:;; a e:v!\ acre"'‘r} ren- 
■'titiieiU'- ‘-f pear, i)iu iii - 'P.ie ca'C' tiK_\ are e"enlial n'.'. 

3iiaterial 'ent r* > Ir’iii i)\ 1 '. 1'. • leiT’.i:/ irnT ilie !.i\i_r -s' .i 

ir.i " .f at ( iia-tr'jw wa-. wk.eii ilr\, 'iKuai, iiri'.sn. ia v, .'.it'a 
a prea'} lii'ti,r nil I’.ie cri: anrrace. !t i' '.anii:’ale>l. e' '.-.i Lr'a-e.r 

part ef w e'-!-pre?erve.! L hreoC' ‘eeace.e w irh e' '.ai.e' n: . i_r a r 
el alp.e. acci in’prni'e.l X} pe'len ef c'lr.fe'--- aial cka;, a.- v.i.k a- Ip\ 
cr!itiiiiju> frapiiKTil' Lie exanrinei! Leberteri j .ika' i.e,-,. ri,- 

Ct-Ueil iria'ii L'a-'parx. in wLiic!'. he I'Diin.il pehe:! aph, ;:a'.eri,rT.''\i-,i. 
renrains of higher plant', en'!neil..',e'l in a :r.a" C"T.pi''^,i airii,:'' ' ! 

alg;e — Chrericoccacerc, i .fyilrenlici} ;e ati'l (ha’,.p'!> 1 ,i,i le' t* '■ i’ 

Dia'.iew ell, received from Jentz-ch i-f K"ir,C'',icrg', re,'e:i'h'.>. ,' li'.e pe.it- 
?ha!e i_>r Turf>chiefer frem tin'irp.w ami O'ntair.', aieiig wi’;; p hen 
i?f Lorylus and. C'.'initer^, weli-rcCpaynized, ce'-nnic' I'f .hhm .'C sf:,< a- 
chief con?:itiienr.s The r’l’rpc'.'cln niateria'. i^ 'iniilar in C' nip' - 
siticn. Typical Lebert-arf h.a' been f"nnd at -evera! place' in Swii- 
zerland, where as elsewhere it C'''n';'t.' chiefly of al.uie. lehapeing n> 
genera which are gelatin. Diatmi r.-'rf belung' in thi- erp<i;;i: he 
had a specimen foam i.ihlenbr.rg C'MKaining po per cent. ..if iliatp.m,' 

Jentz=ch"^ 'tates tiiat the l^ebertorf iif La^par\ nccur' at niain 
places in Germany. Ca-parc recognized tiiat it iui' a grannhar struc- 
ture: V. (dunii.e' regard.e.l the granule' a' excee-Iingly .h'in.tegrate.! 
plant remains, while Fruh believed them t'O be alg.e. Fruh Iiad; 
examined a dried 'pecinien fniini Doliewen. Jentzsch prucured fx'li 
material from that locality and sent it to him. JentZ'Ch ami h'a'- 
pary could fini.l im evid.ence that Chrcicc.iccacerc are pre-ent in th.-' 
'uhstance, structureless granule' alone were rec'agnizcd. All I.eber- 
t.jrf' show as chief con>tituent5 these roumli'h granule', which. 
Caspar}-, v. (dumbel and Jentzsch rcganl nierel} a; d.-'ir,;ecr:;rc'’ 
plant material; associated with thC'e are pollen ir. cm ['inns ami cat- 
kin', bit^ of plant tisane, remains of crimtacean' andi i.fteii, Inn m 
always, diat- ins and Pcdiastyiim. 

Tn a note appended to thi' paper, lie give' tiie 'uli'Liiux -if a 
letter received from Fruh rc'pecting stud.} ,,f t;>t- frc-Ii material 

^‘J. J. Fruh. "Uehcr Torf iind Dopplent," Tn.“fu, i.s.s:;, pj, j(>__>4 
A. Jentzsch, " Mikrostriiktur des Tori'." SJirift /■/; (/a? 
KiDiiijsbcnj. Jahrfi 24, 18.X5. pp. 47-53 
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fri'iii Dijlicweii Thi> had convinced Frhh that the micrococcns- 
fiirirs are not all Chroococcacea;. He is certain, at all events, that 
l.ehcriurf is ir-t genetically an alga? peat; the algte are only acces- 
-i a-y ; [iLilleii pUt}'' the chief role. 

The elal)orate micia wcopical e.Kamination of oil shales by Bertrand 
and Ivenanlt after iSoo led them to look upon those shales as accumu- 
latinuN Ilf alg:e and remains cif other types carried down during 
preciidtation of organic salts — an explanation very similar to that 
'Uggcsted !)}■ II, v. I’n't. Thc'C studies recalled similar studie- of 
coal hy Reiii'Ch and led tci farther study of Lebertorf. Potonie^" 
made e.xaminaii'.in-- in man_\ Ic'Calities, which he discussed at various 
tinie-s, {.nibli'Iiiug his final conclusions in lOio. The Lebertorf of 
L'a']iary. FauLchamm and ])lankton deposit of authors, is termed 
sapropellite b_v him. It contains diatoms. Pediastntiii and other 
f. irnis of algce with pi lien of Piiius. Cory'its. Almts and Bctn'a along 
with remains of various aquatic animals. It accumulates rapidly in 
enclosed lia^ins and it has rendered some German lakes so shallow 
that they are no longer navigable. Jeffrey’' has observed that the 
bi.’tti m of lakes and ponds beccmes covered with vegetable matter 
'Wept in In breeze' or wasiied in hy rains. This is finer in the deeper, 
less disturbed portions, bur coat'cr in the shallower parts. In one of 
Iv' figure', showing the finer type, one find.s excrement of fish, snails 
■rr ampliiltia. mingled with pollen cf conifers. In the other, showing 
the C'lar'cr material, there are merely remains of roots, leaves and 
"ther ve.gctahie "flutsam and jetsam." It is noteworthy that he has 
found no trace of tdgte in the Iticustrine muck e.xantined by him. 
T’oHen grains and spores are the most important constituents. 

The contposition of I.eberturf is variable, certain constituents 
living' more abundant at smne Incalities titan at others: but of all the 
coit'titueiU'. pullen appears tc' he the most important ; other remains 
are ti > be regarded alnin't a' accessory, thoipgh alway.s present. 

Lebertnrf cannot he recognized at all localities. Xot infrequently 
it is absent in the lake de])osit' of north Germany as al'O in many 
of those in Sweden and Switzerland. ITidoubtedly, the plankton 

"'TI Piitiinie, " Eii.stelniii”." etc. pp Iw”. 

"u E r. Teffrcy, " On the Compo.'ition and Qualities of Coal.” Econ. 
(h-ii/, A'lil IX . igi4- P- 7dc- isi, ise 
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Cl ’’I'-U ■ 't’r.cr L^r'iAtli 'ccT.' h;i\c !iccii lar ;n c\oc" 

Sai ii'i ijiclic I'i:'. a- fur I'rilin.iiA jn-a:, appear a* 'n. 

peacnaalX’ \van;::>c in t'lc I’niici; SmK', a- la' rcfcrLiKc i- ninn.; in 
piiMiaa:; 1’.' '>\ Sna’.cr aia; 1 larpcr. w'nile i >a\ i' ' li-crvc ’: ’.'icni in 
I'lili I'arrc 1 1 f tile 'I'anx In ip' cxairiiie' ; ii\ liini in Niicl'ica’ 1 ic ni I'l 
ir :c.\iirLi\- >f tiK'c i' :!iat nf ilie .Mpa! lake: an: tic n.r-n- in t'.a: 
ilcpii'li a‘ c 11 • liaipLr tllnUciU t' ' lie a-lCve. t'leir I'l .itri!’-' Cl lie ''’-I- 
lliiileterniiilei;. 

I.eliertnri cuniluiiiii' n!a\ retippear ..i alnin't inn fnii. ilurine 
the hi.'tore iif a petit Ime Sernander ' ii.ne' titp' nh-eineil ih.e kii'- 
like 'tructnre characterizing- poriinn' nf n'cur- in .''Wed.en. ami 
W’eher hail called attention to the -anie letiture in northern < ler- 
nitine. The .'tudy of petit de]io>it> in Xtirke hy the ( ieialuyical k'oni- 
nti"i(;in led to discovery of the caii'e' tind the re'ult.' were pnhli'hed. 
in II 105. The prevailinip opiniian htid been ihtil shciut- laf the 
sphapnuim-carpiet grow uninterruptedly uinvtird. while the under 
fjart? die and are converted into petit. But the sphtignuni-tips are 
killeil verv etisily. On jiortions of tlie ctiri>et, where such destruc- 
tion has taken pilace. growth cea-es. while the surrounding niO'S 
continues to grow, so thtit a deprc'-ion result.-. Such depre-sions 
are verc- numerous and are due to various causes. One type, fre- 
quently observed in Heath- and W'lddnioors, i- caured by ticcumula- 
tion of offal from the pilants : another is caused by surface growth 
of liverwort? or certain form.- of aigte : while a third come- irom 
fires, footsteps or other accidents. A- the surrounding S /'lhi;iiimii 
continues to grow, the depressed .-[lOt- become tilled with water : 
plants growing on the surface are killed and a Dy-like depo-it cover- 
the bottom. The ordinary jiroce.-s of tilling follows, sphagnum in- 
vades the pool and eventually fill- it. The depre-'ioim -ometinie- 
increa-e by transgression and attain considerable size. .\n illus- 
trative section, given l)y Sernander on hi- Plate 3, -how- that in- 
terruptions of thi- kind are of frequent occurrence Similar de- 
jirc-'ion- are familiar in bog- of all sort-. 

In many cases, especially where the water i- calcareou-. thi- 

C. -A. Davi.-. ■' Peat.” pp 204. 247, 207. 

“'^1 R. Sernander. "Guide to Excursion,-." Co-,/ [nt ^ Xt , E.xcur- 

sion Ay. p. 25. 
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jilankton deposit of bacteria, algte and especially pollen and spores 
is concetded in tlie ticcuninhition of marl from Cliara and mollusks. 
At best, it i< characteristic only of filled water-basins; it occurs 
rarely in the great deposits originating on broad coastal or river 
plains. This is not tf> assirt the total absence of such material. 
Tho.'O gretit deposits frequently were due to union of numerous 
smaller ones, each of which filled a depression of moflerate extent 
and afterward expanded by transgression on the plain. Lebertorf 
may form the floor in the original dejwessions, though it may be 
thin, owing to rapid invasion by the plants giving normal peat. In 
the other condition, where swamps were caused by obstructed 
drainage, Lebertorf-forming agencies no doubt existed, but they did 
not jjredominate. Indeed, those agencies are always present, except 
during periods of interrupted growth, tine to dryness, as one may 
learn by descriptions of almost all bogs, which show that freshwater 
algte along with pollen and spores are accessory constituents at all 
horizons. Whenever a pond is formed in any considerable deposit, 
such as Dismal Swamp, originally covering not less than 1,500 
S(piare miles, the conditions are prepared for formation of a Leber- 
torf lens. 

The Succeeding Stages J’ary . — The earlier studies were made 
almost wholly upon peat deposits filling former water-basins, which 
had escaped covering ami which had had a, so to say, continuous 
history from a very early period. \\ hen the process of filling was 
uninterrupted save by varititions in temperature or moisture, the 
normal succession may be shown by the bogs in a great area, as in 
most of Sweden, north Germany and the British Isles. But where 
the origin was ditferent, a wholly dissimilar section may be found. 
Geikie. in de>cribing the moors of Scotland, says that they often 
mark the sites of lake- and ])onds, but at times they cover the ruins 
of ancient forc-ts. W hen the forest was overthrown, drainage was 
intercepted, stagnant swamps were formed and water-mosses took 
root. He refer- to several illustrative instances. In the Forest of 
Mar, large trunks of Scotch fir. which fell from age and decay, were 
soon immured in peat, formed partly from decay of their perishing 
leaves and branches and jiartly from the growth of Sphagmim and 
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Otl'.er mar'll i.lant;' > '•> l.'irl! lln.v.n, ilii. pc. a C' i\ i r i- cc-.'- 
plctc'l I \ ila 'lie I'l .1 iitca\t‘l 'la'i'T :m It'' th.ia iii i hi 

175^’’ <'i nnia'laiiim \\;l' h’liw’i .iial c xpi ■ \ lua 1 1 .t 

.'iir.ilar talc ' 

lia' a’it.'i ihv I .III 111 t »'i c’ .Lit\X lie 'ai 'pUi ai ci ]a'.il 

c;rij''.t|! Ill central K'^' — ha'c Wl'iii \<.:'\ tlic r.irl li.c! iX- 

'C”\ta a ",111 .ii ,1; \ c 1 a’le'a. Ill Iiac'. ' !i h k ft 1 1 .lUil I HI I'l i ' 1 . L \ !- 
licir..'. j'.."aii.; I'lri ilic I.i~i 'la^t' ni hcea',. Mam xcar- later, 

I’l' '.'.."■ai iliraiml; tile '..me .li'irioi a'l'l imual ili.it the wnn.l laM 
111'.,] aaTc 1 , wliilc tile llca.tlp' I'a ■! a ca,- iicCUpKi! li\' ;i "ft Cl 

't.-aiititu nicra-' in Iv' nl.i aitc. lie rcvi'iicil the lncaliu : ilic 'ii’-- 
lacc v.a.' irr(."i;l..r ;i;iti,i!. fur tlie liXlilanikr- were 'iieX'n" 
[a,.i in ;i 'trtituni 'c\c'‘al iect 'Iccji 1 lie tip'd ferc't hah lac.i 
re; hied w'ith tni extin'-ve ; eat nai". 

I lie .'pliaynunt-'Uiee m net rtirely the tir't i );ichnow-'kic fuunj 
.Vy,'.'i.’,/t;;';;.' armviiix ’-'i * ''‘H ’‘i et 'tiinl. where it torineii tU''iie'k' 

oiteii more than 4 feet h.idi. 'riiii- matter will he conhdereh in 
anijther ccinnecthan. 

It niay Le well to iieite. jiare-ntheticaily. .'enne other observation' 
by Dachnow'ki l)a\i,' hail recoenizoil in Michigan that Sf'h.aiii 11;;: 
is inditterent to cale'areous salts, "rowing a.s well where the Water is 
litird a- where it is soft. In Ohio, th.e nature and iiutintitv of the 
mineral salts seem to be unimportant, since the heath-'phagnum 
meadow.' are abundant in counties where thev rc't on limc'tone, 
wdtile in one locality Sphaoiuiin grows in jirofii'inn near -icing' 
charged with calcium carbonate; thi? plant in h'hio as ni Micliim.n is 
inditterent to that -alt. for Dachnow-ki fouiul it almmlani in iine 
locality and wanting at another, the conditions being the -ame hi 
both. Deticiency in mineral matter does not prevetit grew tli of 
trees on peat ; they grow well on the floating mat of hc,ath-'ii!t;,grum 
and in places where the ])eat is 30 feet thick In rthi,,, the heath- 
association does not mark the final stage, for it is followi li bv tlie 
bog 'hrub'. The final .-tage is marked by the liog-fore-t a-'ocatiun, 

•f" .k. ricikie, " The Scenery of Scotland." 2d td . I.nti.lon, iKS;, pp 3,S,S-392 

■o H. kfiller, “The Old Red Sand-tone" I!o't..n, i.stin, [i 

Dachnowski. "Peat Deposit- of Ohio," Gel Sure, Ohio, Bull U. 
igie. pp, 224-256, 
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(if which tamarack { Larix laricijia) and arbor vitte (Thuja occi- 
Jciitalis ) arc amony the fir.-^t to invade the surface. A\’hen bog 
coudiiiijiis hacc di-'apjicared and the surface has become covered 
with mould, deciduous trees advance and crowd out the conifers. 
A-. the mould-cover is very thin and the wet peat is reached verj- 
ciuickly, the roots of this forest group rarely extend downward more 
th.an a foot, hut thev <]iread out in all directions, as do those of the 
conifers, thus giving stability. 

Structure and Constituents of Peat Deposits. — An intimate ex- 
amination of a peat deposit leads to conviction that the process of 
accumulation may not be -o simple as is indicated in the preceding 
generalized paragraphs. There are many modifying conditions. 

A peat bog shows, speaking generally, a thin layer of living 
pkmts on top, under which the vegetable matter becomes more and 
more disintegrated downward until, toward the bottom, the greatest 
part shows no vegetable structure to the unaided eye and the mass 
consists of felted stuff cemented by a humus-like substance. This 
Cement i- removable easily by weak solution of caustic potash and 
the dried residue tends to fall to a powder. The change downward 
is not. however, always in increasing ratio. 

A peat deposit is rarely continuous from bottom to top, but is 
commonly divided at irregular distance.- by partings of one sort or 
another. These may be thin, consisting of finely divided mineral 
matter holding a charcoal-like substance. Torifaserkohle of v. 
Gumhel. or thev may be thicker and composed of sand, clay or 
other transported matter. The thickness of individual partings 
varic- grcatlv, -o that the intervals between the several benches 
of the depO'it mav increa-e or decrease. Lorie’s^" observations in 
Holland. Relgimn and north France make this variation sufficiently 
evident. The benches themselves differ in peculiarities of the peat 
and in character of the a-h, as one would suppose in view of the 
ditferent plant-a-sociations marking the several stages of growth. 

The opinion has licen expressed that a layer of organic material 
is essential as prerequisite to formation of a peat deposit, and the 
as-ertion has been made that, in any event, a FTochmoor with its 

■(s J. Lnrie. “ Les dunes interieures." etc. Arch. Mils. Tcylcr, II., Vol. III., 
TP- 4-24-4-7. 444 
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irjL''-0' caiiniit cil im ir'^aiUL iiUiU-rial I'l:'-. c.i;i 

haially tic ilctcriirnci! 'Uti'Kiclnril} either im-ititch nr iier; .ii\ el\ . 
a' the tluekni." nt the (irt;aii:e Liver i< riyarileO a- M'lii’.iii. rad, niie 
aiilh.ur linMinc ih.al it ni.iv ’ae mi lliin ;i' tu tie lutreci mc.i/ .LL , while 
lie rtill ni'a-t- that it nnt't lie present. I'lieia can hi cci 'iniiht 
that, wheii a 1 1 1 ichiiina' ir increa-e- hv lrai;'r;re"ii ri, u 'ikiK In 

rc't in part iipnii im irrianie’ material. Ri .hluiiiui' mi haii r'nk. t!;e 
'phariiiuni-peat (h-criheil h\ Dachm iW'ki an.i 'hiiu hi - t,..ii-i ' tn lie 
nijiiceil (.111 <1 later paye appear tu iiuhcate th.at a iiin-- pi.n nict’ 
hcQ-in cm iiiuruanic 'Urfacec. .\t the -ame time, it i' hevund all 
'lUe.'t'a.in that, of dejici.-it? oriyiiiatiiiif on the 'Urface uf plain-, a 
t’erv cun-iilertihle prupurtiim heyaaii un fure-teil area-, where the 
litter anorcled excellent lia>e for peat atrowili after the ilraina.tre had 
iieen impeded. Shaler, nitiny year- ayu, referred to tran-yre-'inu 
bog'll in Xew England, which invailed fore-t? and eventutdlv killed 
even the water-loving tree.-. Lewi?" -^tiy- that in the L.iwland 
mo?fe? of \\'igton 5 hire. Scotland, the till surrounding the original 
area of obstructed drainage carried birch and CdJiiihi. which were 
replaced gradually by haze! and alder. In these dejiosits, Bctiild is 
abundant even on the floor. Sanford regards the Everglades of 
Florida as due chiefly to impeded drtiinage. Peat opertunr- have 
long known that if the bog be stripped clean to the underclay, peat 
growth begins very much more slowly than wdten a thin cover of 
vegetable matter has been left on the clay. 

The partings in peat deposits, when consisting of clav, -and or 
marl, indicate subsidence or flooding. They mav be -o nutrierous 
as to render the mass worthless, the lamination^ of peat and foreign 
matter being alike thin ; or there may be alternation- of fairh' clean 
peat with layer? of intimately mingled organic and inorganic ma- 
terials. The former indicate very frequent floodings, while the 
latter tell of a long period of subsidence interrupted bv longer ur 
shorter periods of comjiarative stability. A good illu-tration of the 
latter condition is that given by Debray*^ in his ile-cription of a 

n F. J. Lewis. "The Plant Remains in the Scottish Peat Mus-e-." Pt I., 
Trans. Roy Soc. Edinb., Vol. XLI . 1906. pp. 699-7^2 

Dcbray, " Ltude geologique et archcologiqiie de (luckiues tuurliieres 
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'cction in the valley of the Somme. The deposit is 8 feet thick in 
13 wholly distinct henche.s, varying in thickness from one third to 
one meter. Four benchc', aggregating 2 meters, are of excellent 
peat, hut the others are. in several cases, little better than carbona- 
ceous shale : the a'h is calcareous. Similar illustrations are to be 
fouial in the American treatise'. 

In areas \v floodings of muddy water are wanting and where 
climatal variations show little change from year to year, there may 
be no benches and the mass may be continuous from bottom to top. 
Johnsoit^'' has described a peat deposit, which shows about 15 feet 
of sphagnum-peat, practically continuous. Cook,^' in discussing the 
bogs of Xew Jersey, states that the peat is so cr^'ded with logs of 
Chaiiuccyf'aris that one has difficulty in thrustii^ a sounding rod 
to the bottom The condition is the same throughout, even where 
the peat is 13 feet thick; the W'aldmoor growth was uninterrupted. 
.V similar stoiw is told by the cypress swamps. R. INI. Harper and 
others have shown that, in the cypress swamps of Florida, the peat 
is so filled with logs and woody roots as to be without commercial 
value. Lyell's''- statements respecting the cypress swamps of the 
Mississippi region are in similar terms; for he says that the con- 
tractor. in excavating for foundations of the Xew Orleans gas 
works, soon discovered that he had to deal not with silt but with 
buried timber ; the diggers were replaced with expert axemen. The 
cyprC'S ami other trees were “ sttperimposed one u];ion the other, in 
an upright position, with their roots as they grew.” The State 
.Furvcvor reported that, in digging the great canal from Lake 
Ponchartrain. a cypress swamp was cut, which had filled gradually, 
■■ for three tiers of stumps in the nine feet, some of them very old, 
ranged one above the other ; and some of the stumps must have 
rotted awav to the level of the ground in the swamp before the 
upper ones grew over them.” It should he said that the whole 

du litoral Flamand et du Departemeiit de la Somme,” Mcni. Soc. Sci. Lille, 
Vol. XI, 1872. pp 471. 472, 47.S-478 

D. \V, Johnson. "The Shoreline of Cascumpegue Harbor, Prince Ed- 
ward Island,” Gcogr. Journ.. 1913. pp. 152-164. 

'*■ G H. Cook. Geolo.ay of Xew Jerseyr’ 1868, pp. 301, 353, 360, 484. 

■*5 C. Lvell, " Second Visit to the United States of North .America,” Lon- 
don, 1850, \'ol. II., pp. 136. 137. 
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ti I •]' H " hiii;' nr til nicrcK !i 'C.i! \ tirii.tn iii' in \\ .-ti r-!(.- \ ^ ' ' .in : n 'r r 
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t fr . > iiA'iit n in’i'A'iir tn ri'i'rA*'!,!!! oiclc' ni 'nt>i'''iinn .n,’i it.' nitt’i 
.irc 'Ai'.irntA"! !’_\ thni I'.iniiin' m’ nxcAclrmii I'nn nini.:,. n ninr 
cnrn’.niiiin ninrc t.r k-" m' fiiirmis instcrin! rn'cini'li'it; tlu n "ii r.’l 
nlnircniil nf nnlmAry cnal. Such jitininn' iscrc ^xn'i’iiiu-; :.^’l 
Ilf I.c'i|iii.riux ;i' ihu- in a jiiruMl (.if ilrynci". wlun tlic ; c.ii ci.':i~c>! 
tiA tiTnw aii'l the ^urIaec wti- de.'trn\eil ky oxnlaiiijn I'a a n'i\..ter nr 
Ic" exliiu The [ler'nd n! exjin-ure nuiV he hrie f nr ll lllas in 
lone ci'tuinuei!. A. (.leikie ;ind Lewis have mtiile clear th.a: jn-at 
fcirni> imw in nnly exceiitii.iiitd Incaluics uithi-n Scntland. ;i' the 
cinr.ate has Leci.intc k-" ninis: : and Skertchly as-'Crts tini: peat i- 
no longer forming in the I'eiiland of England, save in a dark ntirrow' 
valley of Suttolk. The petit i- wti'ting in those area-. Similar 
statements come from other parts of northern Eurupe. Leavint,’' 
out of consideration Taxodiuin. Xyssa. certain palm- and ilie tree- 
of the Kampar areas, it ir certain that most of the tree- griiwnr.L; tin 
peat do not thrive when the material is very wet. Some, it i- true, 
show a notable degree of adaptation. C. A. Davis saw in blichiga.n 
a birch in healthy condition, though it- ri.iots had Iieen entered with 
water during more than a year; and there are other tvpes which, 
do W'ell if only the wtiter cover be absent during a con-ider.’.blc part 
of growing season ; the tamarack at times takes rriot far rmt on tlie 
floating bog. but it grow? -lowly a- do other tree- wlrch acc’.mp.'.nv 
it. bine may learn much respecting changing conditiom; during I’n 
growth of a peat deposit by noting the distributinn (.if tree-. 

ZinckeiE'' cites Elartig a- -aying that in the " I'lt'ie Urnciie" ■ n 
the Harz there occur in the lowest 5 feet of the ,y i t- ' aci feet tiiick 
ITi 'citmoor. fir- with .stems i§ inclies thick. Higher, i- a iaier wn.ii 
large pines, on wdiich is aniithcr with -mailer plam- ..f tlie -;ri’;e 

I'l C Zincken, " Itie' Pliysii)t;rai>liie iler hraui.ki liile,'' Hai'nia er, i p pS 
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"cnu', wliilc in tile next la_\er tlie form' are 'tunted. Loth firs and 
pmc' are w anting in the up])er ['.ejrtioii of the mass. Sernancler and 
Kje'.lmark " di'Cevered tlmt in northern Xericke. Sweilen. the succes- 
'ifiii i' I I I Living- peat; 121 'j-jhagnum-peat : 13) bed of stumps and 
r, Hit': 141 bphagnum-pear. pa'.'ing downward into i)eat C(jmpo,'ed 
dn.etly of f‘It)\iinuitLS and Eiiiiisctuiii. The stnmp layer has birches 
with needles and liark of Piccii nines. Piniis sxli'estris with fruits, 
.'eed' and lea\-es (-.f other ]-)lants. 

In the Harz locality, increasing wetnes' destrewed the trees: in 
Xericke, tree-' ad.ranced when the nicii>ture dccrea'ed. only to be 
destroyed when once more the medsture increased. 

.\ccoriling to i'oole,'' the great turbary, known the South 
iMar>h, is dcmhle. The upper part is 7 to 8 feet thick and is worked 
for u>e a- fuel: the lower portion, r.f about the same thickness, has 
on its surface everr’where the stumps and roots of trees, standing 
a' they grew. Woodward states that the peat is composed mostly of 
.'edges, so'that it is clear that the restoration of marsh conditions led 
to de'truction of the forest whiclt had grown on the bog surface. 
Skertchly"- recognized five successive forests in the peat of Wood 
fen near Ely. Number i. at the bottom, is of oak and the trees are 
rooted in the Kimmeridge Clay; Number 2 is at an average distance 
of 2 feet abcive the other and consists of yews and oaks, the lower 
fore.'t having perished before this began, as roots of Number 2 some- 
times rest on stumps of Number i : at 3 feet higher, are the remains 
of another forest, all firs, and another is just above that: while im- 
mediately below the present surface is still another, resembling the 
modern trees of the region. There were five successive forests, of 
w hich all except the first were rooted in the peat. As Skertchly re- 
marks, it is evident that, while in general the climate of the Fenland 
may have favored peat making, still there were intervals when peat 
was formed, if at all. in verv limited areas, the other portions being 

R. Sernander iind K. Kjellmark, " Eine Turfmooruntersuchung aus 
dem nordlichen Xericke." Bull. Gcol. Inst. Upsala. ^'oI. II., 1896, pp. 321. 324. 

•'u G S. Poole, cited by H. B. Woodward, in " Geology of Eastern Som- 
er'Ct.” Mem. Gcol, Surv. London, 1S76, pp. 146, 156. 

S. B. J. Skertchly, "The Geology of the Fenland,” pp. 130, 151, 165. 
1 08. 169, 
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■>'' !■ rc't. I -iL ii*; 'T.'; a,i\c .I'a-a 

a ’ . I'c ‘ \i '1 1 1 \ i. " a] 'I 'i. vir^ I I'l ►' * ! L . 1 l ^ t ' ' ' L ' L L ; L t . i . ’ t,* 
rcf^i' n I' 11' \\ ;ia" ny I’K.'iiua ail'alKr -aa [n.-;".' aak t'u- in. a 
arc iv a iiK'i c axilla IV ui l»cC'’.c Iia" rciciTt'. t'l i a ! *ia"''i\c iii a-'a 
ill I^>aaaa’. hviaa i. a' alfi a >rrikira i'!!!'::':;:; •■; iaicarn;.- 
ta ‘11 111 aaaim: all' 'll >i i'cai- Vl l'> led ack w lat, ■'iiriaac a’la 
me’ all 15 led '■! peal, a .i- ii'-c wa." reaclici, la icd "'/'a c. a 'eei aia 1 
a,ii 0' 'la iri’de ■ . w 1 ' \ ai laik \\ a,cn tlic Peai m-' 'aeii la’ii'iLil 
11 ''11 ,1 ''111 iiic Ii ii'c. a luivc*! pall' v\ a\‘ \\a^ A,t',i''a 1 ' a 

iiea,rtii'i' iic Cai'crc! w itii id'K--. .W.d tile 'r"U'e a dx ~;ii’i'; - ' ' ' ' .;k 
ircce. wliici! c\ii’.cntlv were san win;,;- when tlic ii-i'i-c a- 
.V !a}cr ''i' .'all'! iiah ’lecii 'pix-aii .wer the 'iiri’ace lie''"re liu 'iiiie 
b-aiiding '''.a.' erected Thi- pau.-ie m gr'iwtii "i the i',ep'''it wa^ ni 
sntticieiitl} I ni; 'hiraii'Ci t" j'e,:iiii i- re-t air I i- - unite Iiaiiiia- 

ti'itii. It wa.e f. Jii.'wcd by return "i -■wtiinpi ceiiditii 'in, liuriiiy whicii 
In feet C'f peat accumulated, 

Lieikie'^ iias recurde-! >evera! ca^e.■: oi which iMiIy twj need, he 
recailei.I here At Stratliciuc'ny, three tiers of .''cc-tch fir' were 'een, 
separated by laiers of petit, .'decera! tiers were c-xpuSeil-in a railwa\' 
cutting acr'ii.ss tiie l!ig hlos.s, one c.f standing firs with branciiing 
r-. Lit? at 6 feet heh.iw tlic surface, a second at 12 and a tliird at 10 feet 
belC'W the surface: sl) tliat, counting the present surface growtli, f-iur 
fore'ts have grown tiiere since the bog-making began: that is to -ai , 
the swamp conditicins Iiave been interrupted four ti:nes b_v perioA 
le'Sened moisture, tlie last licing the pre-'ent. The preced'.ng tiiree 
were succeeded, by periods of wetness during which peat-making jW'.'- 
Cce'leil vigorously. It must not be supposed tliat even in the 'Irier 
period? accumulation of peat ceased wholly. It ha' lieen kii'.'wn a 
1' 'iig time that the offal of conifers can accumulate a' pe:it Reiii'cli" 
savs that in the Fichtelgebirge needles of FiclUcn, T:mnen tiii'l l-'ohren 
are important as peat-makin.g material and that in time tliw .I' Ciimu- 
latc in such ([uantity that a (juaking Iiog is the result. ( )ne -iin'i in- 
sist here that the mere accumulation of jieatv materia'' ;ir"r.iid ami 

' ' PI T. fie la Beclie, "The Geokmical Gh'Crver," .\mer. etl , jS:i. 

■sj, Geikie, " Tlie Great Ice A.aie,'’ 31! eg. I.unflLin. iSi,;, ]ij, e.sii-2'ji, w? 

' ' H Reinsdi, " Ueljcr den Torf (k-s Fidnekel'irm-s," /, / /-r t/.-i'i." 
Brl. XGL, 1839, p 486. 
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l)ct\vccn tiie tree.' wtts not the direct cause of their destruction; but 
aeeuumlatii 111 in an increa'ingly me>i't climate might well contriliute 
ir.ihrectly by retention of nioi'ture and thereby bringing about the 
lulition in which proper aeration of the mots could not take place. 

Lesquereux, Jlcer, (deikie. (.Irand'Eury and others have shown by 
.'ection.s in llritain and central Enri.pe tins alternation of swamp and 
forest condit!ein>, while Steenstrup. Blytt. von Post, Andersson. Ser- 
nander and either' have made the matter abundantly clear for the 
Scandinavian areas.'"' 

The cau'C' of the>e alterations have been subject of much dis- 
cussion, a' they are among the moot striking features of peat de- 
posits. AnderS'on’' nlaintain^ that the presence of tree stumps in 
a bug i.' ncit neceS'arily evidence cif actual change in climate; that 
can lie explained by the ability of peat bogs tvi invade forests and to 
convert them into swamps, as Iia' been proved by several Swedish 
|.!I^'ervcr^. Rut this familiar fact can explain only the presence of 
trees rooted in the umlerclay ; it does not explain the presence of a 
fore't layer with its roots wholly enclosed in the peat. This indi- 
cates invasion of the swamj) area by the forest. A change in direc- 
tion or extent of drainage might answer well as explanation of local 
appearance of trees, for onlv a slight lowering of the water-level 
w:uhl suffice. But changes in drainage or the encroachment by 
.'Wamps, while accounting well for local variations in a swamp, great 
or small, cannot suffice as explanation of widespread variation appear- 
ing almost contempciranoou'ly in immense areas. Some general 
can^e must be sought. Blytt and von Post have presented incontro- 
vertible evidence of alternations in climatal conditions throughout 
."Scandinavia ; Lewis has done the same for Scotland as J. Gcikie has 
done for a wiile area ; while Schreiber."® after detailed study within 
the province of Salzburg, showed that the variations in bog life were 
associated with climatal changes involving migration of the snow- 
line in the Alpine region'. 

See Formation of Coal Bod', If ." Proc, Amcr. Phil. Soc.. \ ol. L., 

l>p. (loq-Oqt. 

G. .fndcr'son, " Studier utver Einlands torfmosser och fos.sila kvar- 
tartliira. " Bull. Com, Gcol de Finlande, Xo. 8. 189S, p. i86. 

'' II Schredier. " W-riilet'dieriiiiK uiul Moorbildung in Salzburg ” Sepa- 
late from Ocstcf' Staab. 191a, pp. 14. 15. 



56 


>Ti:\ KXSt 'X -iX'i 1 I. \ I ' ■X." 


IclLuIH:^ t' I C‘ r. \ L I " '* '' ' ' ..’.'i ' ' . 

>\ Ililin tlK 'C I 'c • - I'l- ’’i' '’./'v. ' It..' I' ■ ' *. 

C' "'ll X'Tl 1 1 . t ! 'I’u ' \\ 1 1 'I L * L I ‘ \ - ' 1. ■ ' . ' 

H\'en a ca'i'al cx.i'Kt.i’ ' a > ^ ^ ^ 

iluit tr-c'c !- l a - t ^ - ■ , .■ ' 

cMiuiIX. ‘ '.r. - i 'l :: .. ^ - 

])c ’-iicrc ) a '•laCi'. '''ii'i. - • !Av ’ ’ i>'*L- .'-I . ' "■■ 

turc : 'a;: ai 15 fn,! a' \m; ai ■;•■! :'k-\ '-a . .. 

la\ cr, a t' I’ :''.K'k, i>' ' ■ 

ftiir^vs. w ■'.r.’i' ‘lU ^I'-’rjxr.irL '>1 i .k ix ‘Z. 

Ia_\ cr i- like tha: a:'''\c ii Skcrtc'''._\ ' r :.c' a i". •' i 

tur')ar\ near !rly. :l'c ycat i' 'iiyyci'; :■ • a '’.c; 't'; . f a :\c: \’. i 

tcy far aljijut a fr.o: it i' ciic^tna: kra,\n ank :i a iick'ic i: :i i' .■- ■'a.;- 

Ccdicci I a' i^ct ''I black j'cat. ^Viiic.i !' ac.'.c'i. C'Ciaiai' !' > a ! 

rec'!s. tlays. etc.. l)Ui i:i tbc ira." \-i.,acraIilc ^tI•^.c;l;:■e .-c'c.i'c'_. : 

at the bciLtoni is a la\cr. aininst w'.i.lly II} t'. -11111. iiric' a. a 

yellow tint and pre.-erves the vegetable -trtwttire. It ell k:: n 
that the sr.ft part- 1 i ])lant> lii.'appear (ir.ickly tci bcc rr.c the yv.'p' 
in which the haiialer p.ari' are e-.nbe'blc! au.l "f which thc\ liw"- 
sclves eventually become part. 

The bark of trees is resistant, even that r.f tree' '-h. -e W' i-l 
decays rapidly. Darwin''- remark' tliat in tlie valleV' - i hherra 'Tl 
Fuegii, it wa' scarcely pO"ible t' > crawl almig. tlie \\a_\ bch'g ba"- 
ricabied by great mouldering trunk', which liad fallen in cvcr\‘ d.i.'cc- 
ticn. hMien passing over these natural 'brid,gcs. '-c.-ic'' crc.-,r~e t' 
often arrested by sinking knce-dee;.i intci the rettcu w ■ il: a: - : .c" 
time-', when attempting to lean agaiii't a tinn tree. - iie w;i' 'ta-ticl 
by finding a mas' of deca_\ ed matter. read\ to ftii! at the 'hc'Ue': 
touch. There are few living in tlie temperate zicie wit > h.a w- .t 
been startled in like manner by ti'.e cra.'hing nf a log “ii winch 
had set tliemselvc' in the \\"od'. 'Fhe bark han, reufiinw 1 - w:,d 

C. T. F. Buntnire-. ’'N'lncc nf .Sume- Apjiewf.iiiLC' ( I irain- 

ing a Mere." Quart. Jnitra GcjI. Sue.. \'oL ic. i.ss'i pp 1;;, w'l 
.S. B. J. Skertclily. "Geolugy of the- rttilaml." j, j-; 

'1 C. Darwin. '•Joiinial of Kescare'l'C'." .V'twr ol. .\i.\s 'I'nrk 1S40, 

I , p 302 ; Vol 11 .]) 44 
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ti’. •. u:’ i!k' W' .1(1 wio wa'iini; away. The rate nf decay is indefinite. 
l>;;:'.\in e-'ti’ratuil that in ih.e neighliorhood of \'aldivia in Chili, a 
';r. !'ii .■! iS inc'ie' d.iaineier would he changed into a heap of mould 
with'.n go \e:!r--; hut in java. ki pordef', cited bv I'ot'jnie, saw much 
laden limlier. decade-' "Id > et ^ti'l in conditicjn fijr export. In the 
rp.rtl’.ern ]iart "f tile L nited Staie-^, stumps of maples, elms and 
'pri’ce-. iS niche' to 2 leet i pf lucpre in daamcter. are often sound 
eiip'Ugli after 25 _\ear' ppi expiP'Ure tp p re<iuire blasting for their 
reiiii'val. ilie w p pp nl ppf p .aks and ci 'iiifcrs is e'lJecially resistant, yet 
even th'O'e may gaa rapiilly. Lescjuereux.'-'- in referring to the sunken 
fporest ppf I Ininimp'pinl lake in the Di'inal Swamp, -ays that standing 
,'tnmps ppf hal'l ciprc'S 1 ra.riulhmi dislicliinii ) are decaying sq that 
many pif them arc lip’illow. I'ruit' and leaves of trees, falling into 
tile water and drifting, are arrested by the hollows of these trees 
ami fill them alm.pist c.'mpletely. De la lleche.'-'' in discussing the 
decay ppf plant', (pfi'crves that "this kind of decay is still more in- 
'tructive where upright stems p.'f itlants in tropical low grounds, 
liable to fiop.iJs. retain their outside p'.'prtions sufficiently long to have 
tlieir inside hollows partially or wholly filled with leaves and mud or 
'and. the wlntle low grppund silting up, Sp!) that sands, silt and mud 
accumulate anjund thc'e stems. ent';mbing them in upright position, 
witlipcut tops, though their roots retain their original extension." 
pp'ptp ptiie. in 1S175, called attention to the fact that hollow alder stumps 
in West I'nissia 'wamp'. exppised to high water, are filled with sand 
even tp-p the r'.'pots, spi that they must he cleaned out before the axe is 
applied. 

Cenerally speaking, the wood of deciduous trees decays rapidlv 
wldle ti'.at (if c'ppuifers changes sluwly. Lesquereux, on the page pre- 
ceilir.g tli.-it ju't cited, rec'p'rds tliat in Denmark, abniit 20 miles below 
C' ppenliagen. there i.' an extensive grassy plain with one foot of 
humus as the 'p^iil. I'mlcrlying that is a bed of peat-like material, 
<1 feel thick, Cp p-npi iscd whdlly of closely packed, flattened birch bark, 
'rifis, free fi'pim earthy matter. C cut out and dried in long rolls. 
The \vnp;idv part of th.c stems, now nearly Huid or transformed into 
a verv 'oft } cllipw niiul. i' at the bottom of the deposit, whence it is 

■ s I, I.C'iiiu reux, " ( 'iculi I'cy of Pcnnsclvania,’’ 1S58, p. 847. 

' ■ 11 T 'Ic !.i F.cclic. ( Icpplomcal Observer,” p. 133, 
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mains rc-cmli’.mt;' imm: 'iraw u.i.’in t ; t-ii.- ‘ 'a v 

of V. linmliL-i, a tiy m > ;i'ta’;' ;'a'a .-aamna’ a- r’ m a .. -■ 

retail!' it- .--i!\’er_\ e..!.!'’. tlia W".'-; "aX n .a ■' a' . ' •. 

wo.i.l' are s.'it, e!!. I'li ami >!':-ink ■! --.a': ^ 1 •. 

>er\'ed in t’ni' i>eai •>f ilie > aiimL \a.X>. - a -XanX- :n. a.n . 

positii-'in, whicii I’.c very [.r. .perlN ren.-.r.;- a- yr • i : : a '. ■ m 

grow where foun.i. Skerrch.i}' rep.irt' h\i; i, hmeii' : X'.-.-, 
ton fen are reyre-ente'! un'-y Ih tlieir yayv} haa'k. -itaa - 

silver}' luster: th.e hark <.<i elni' is yre'crve.; hi;; ;‘:e i',> X. i- r ’.'.i: 
like touchw.'.r.il : woe.il .-ii oak', alwa}' 'tainvl Mark. ofien 
enough t.s he used for gates and fencing y. >'t'. ta U'':,a' :1: 

onl}' for fuel: hut the wood of o.-.nifer' :s little elitinge.l. t'..i', of \ i, . 

retains the peculiar brown c.jL'.r, w'lile that of fir' i= U' /.lute :m. 1 
sound as if from living trees aii'-l the C'dior ■•i tur[ieniine i' d.:'; nc 
when the wood is cut Tiie CIuijiucl'} par’s of th.e .\'e\v Jer-e} pe.at 
is so good that much of it can he used in hr.ild.'.ng and in cabinet 
work; the presefvation of oak in hog' ."■f Ireland tim! S .vitzerlaml 
is familiar to all who have visited rh.;ise c.:>t!ntries. 

The wood in peat deposit.s does not tdwat s repre'cnt niaterh-il 
dead or wasted prior to burial. Tlie log- and stump' in the low 
portion may be remains of a forest destroyed, by advance of th.e 
swamp, but that is not necessarily the case with 'Uch remt.ins 
higher in the peat. Trees growing on the 'urface of jieat tire up- 
rooted retulily by the wind as they have an nu'iahle 'oil : if the 
forest be not too ilense. such overturned stems sink into th.e pulp}' 
mass and the depo.'it becomes crowded with steru'. eniheddod hefrire 
decav had 'Ct in. 

Thus one finds log', in all stages of (kconi])0'itioii, emlieddul 
in pulpy matter, derived largely from the -oft part- of jilnnts rmd 
holding also the waste of various woods ti.s well as abundant pollen, 
spores, bacteria, fungi and freshwater algtc 

Effect of Pressure on Peat. — Alany veai-' ago Tw'quercux a-- 
serted that peat has a laminated structure and 'dice hi- time other 
observers have referred to laminated peat: but tliis laininaiion is not 

'u L Debray. " fitude Geologiniie.” etc . pp 445. 4411 4:0 

i;r. Fcniand,” pp 160. 161. 
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-II lii'UiKi in nnhnnry peat as to attract the attention of a casual 
iih'cr\ cr. I'mlcr iirc'-ure, however, the ^tructure is well-dehned. 

Sprin”"' U'led rhe eftect of coinpre-sion on Holland and Bel- 
gian pi.at, mature hut retaining; much material showin,<( organic 
>tniciure. L'nder pres-ure of 6.000 atmospheres, this was changed 
into a lilack. hrilliant hlock, with all the physical aspect of a coal; 
the iraciured ,-urface, a-; -een under the glass, was di-tinctly lami- 
nated. uhile evidence of organic texture had disappeared. L’nder 
this ]ire>,'Ure. the peat became ])la':tic and ran out into the chinks of 
the conpires-or. Thoroughly matured peat, after this compression, 
does nut absorb water and does not return to its original form, 
von Humbel' ' subjected spongy sphagnum-peat to a pressure of 
6.000 atmospheres, by which it was rendered apparently homo- 
geneous and us hard as pasteboard. A pressure of 20.000 atmos- 
phere- increased the tlensity to that of sole leather. In each case, 
lamination was distinct and the streak was lustrous, but when 
placed in water, the material swelled to almost the original bulk. 
Evidently, pressure of brief duration suffices to produce permanent 
physical change in well-matured peat though not in the immature 
substance. But one is not dependent on laboratory results ; the 
experiment has been performed in nature many times and on a 
grand scale. 

I'orchhamnier.' ' in his descriptions of dunes on the Baltic coast, 
of Demuark, state- that among those tlunes are nnmerou- lakes 
aitd ponds characterized by abundant vegetation and by formation 
of peat, ^^’hen an unusual storm passes over the dune, sand is 
blown into the pond- and puts an end to growth of peat. This 
btirieil peal, known as MartUrv. is exposed when current.- cut away 
the coast. The phenomenon is not confined to the mainland: on 
the north side of Seeland. there was a pernicious stretch of quick- 
sand carlv iit the eighteenth century hut. before 1760, it had become 

' '' W, Sjirinc. " Recherches siir la prupricte que pos-edent Ics corp- solides 
de -e fonder par action de la pression.” Bull. Acad. Kay. Bchj.. II.. \'ol. 49. 
1880. pp, ,t67. 368. 

" Fiehra.ce,” etc,, pp. 127, 128. 

(1 Forclihamnier, " Geo^noftische Stiulieii am Meercs-Ufer," Xciics 
Jahrbiich. Jalir.c. 1841, citation.- from pp. 13. 14. 
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iir.i! oi’.U L.ir.nut, . tl'.L- ^riu^.^ ; orti":’.' c.c’.'i't'ii.u; clr.cilv lif riii- :iivl 
h:iril [lartf tjf Icavc' wiil'i adiuixlir/c nf i-ihcr ]Milkn, 

L-U'. Ik- ihi’iuulri il'.at it liL-ai-' nuicli rc^eI^'ula^cc in I.L-ljariur!'. but 
it i' ck-arl}- laf dift'crcnt origin, t me wnu'.il .-urmi'e from the ci.udi- 
tiotm that thi? IMart'erv coittaiii' I.i.uh mature and immti-uire lica.t. 
The rih>crvaiion' by Jentz-'ch tire ci mhrnititory. ITe re!u,.rh' th.at 
the Martnrv fciund netir Rixltoft in l-',:ist rru-"ia i' dei-i\el u.-ihout 
tlouLt from the Bieltiwe and otlier moor>. that it i- ci inu ~-.i,d 
material from underneath the dunes, which now* .''Cj itir; 1,1 'j tlifj'C 
moors. Xilson'" ha- deicrihed a vast gravel deycisit wh.ich. frilajiv^ 
the Btiltic coa-t of Sweilen for a long distance beMuid and, 

at various places, rests on jieat. 

This material is similar in composition to the recent peat of Swcle-i. 

Lesquereux’s'" description of conditions in tile wdkv nf ih.e 
Lode in Switzerland i' eijtially to the point, f in ihe -iiK- nf I'n.,- 
valk)', under a heavy bed of marl, he found 3 inches of emr ’-V'-ed 
material, hard, fragile and with brilliant fracture: loiver , -p,- 
■^lojse, where the marl is but 4 feet thick now, the dej.o-i: 

’''Xibon, cited I'V J, Gcikie, ‘■Prehistoric Europe.'' p 4-; 

"The peat under tliis stone wall is so comiires^e'! ti.-ii. nlun 
almost as hard as brown coal: the trees aUo are. like the lasers lif e' d 
pressed together, and when a fir chip is broken, it is fouisi pi he h] ,ek arh 
shining in the cross-section, all the result of great [ires^ure .ird a "e " 

"" L. Lesqueretix, " Quelques recherches --ur le> inano^ t niiluiix" if »• 
Soc. Sci. Xat. XcHclialcI, Vol. Ill , 1845. pp 05, 12- 
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7 :ik1k' tlnck aiul rcuiiii'- ■'Duk- jicai-like features, but a passage 
:r. HU tli.c I’u-.r.tu of tlic bonit-r to the jicat uf the open valley, which 
1;..' lain growing conlinuou-h . mi that it is now 8 feet thick. In 
.inoiiKi' coniKci'.on, he rein.ark' that -onie <lepo^it; of lignite are 
'urroiualeh iw peat. ('loeppeilXr' ob'crvation is very similar. A 
ik] o'it of pi. at wu' fovniil in the low part of a valley near Helvetihof 
m I pper Sile-ia. ( )n bi.iih 'i(le< of the valley, a portion of the 
ilLpo'il i' cotereil with _> to lO feel of >oil and ^an(l beds, under 
wliich tile peal ha.' been changed into a distinctly laminated, hard 
black ma.". almo't like 'tone coal; wherea.' the peat in the open 
valle_\a uncompres-ed, has the u-ual brown color and comparatively 
loo'c 'irucuire. 

I’rt. scr: i'J'oii of Peat Dcpisits. — The surface of a dead bog is 
often irregular as though it were wasting away; the peat-cover of a 
(Irained ;u‘ea, under cultivation, disappears within a few years as 
pkntghing expose-' more and more of it to oxidation, drying and 
the winds. A ca'Ual ob'Crver of the " hag ” region of Scotland 
feels justiried in believing that peat is formed only to decay and that 
little of it will survive to reach a more advanced stage of trans- 
formation. This i' the conclu'ion reached by an eminent student of 
coal problems and his opinion ajtpears to have been accepted as fact 
by several authors. But the conclusion cannot be accepted as linal; 
it 'eem< to be based on incomplete observation or on lack of 
f;'.niiliariiy with conilitions in great areas. The process of removal, 
where man docs not interfere, i' slow, because peat, with its felted 
'tructure and its obstinate retention of water, offer' great resistance 
til eni'iun. A very thin cover of fresh peat protects itself and the 
underhing ruck from removal. The effect of oxid.ation i' not 
r.tpid. :i' it i' nece''arilv 'Uiierhcial, circukition of air in the drying 
peat l>eing contined to the newer portion. 

T.nwcring of the water-level does tiot mean that the surface is 
to become drv and pulverulent, to he swept away by the wind. In 
miiu c;i'C'. that lowering of the level leads to invasion by plants 
which cantiot endure wet conditions, to the growth of a rather dense 
cover of vegetation which, by its accumulating offal, protects the 

I'll. F Fincpi'ert, ■' Alihaiiilhint; eingesandt als Antwort auf die preis- 
fraue," etc. .Vni'lerdaiii. 1S4S. pp 014. 105. 
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jiL.u I'nriiicil aii'l .aM, 

i^'CIlCI’a.l C'Jlli Ill!t '11^ ['lCi’II-C ! a\ ' a ,i‘ in. . J ■( .1 ;■ taXj- 

nar_\ \\a\' wmilii Xc rc^uiiKil aii.i i!a- nn.aiau m >■.;! ! 'a 
killcil. 1 he rcciiril m ahcrnalui” wei ..'I'l i;i-\ j,, muX, i- h'-'aa; a; 
\'cr} many depd-U:' which uticr nn c\!iKnci i" ■,■, .-n nma 

die pa>>aye irmn niie In ih.e uiher. >nii!c uf t! h a -.ly.: X 

niu>t have cniitinneil for CLniiii'ie', ii nia ira\ race^- i',,,.: tPi ;-( 
of ronted trec' in the fnre-i l.iwf' ( en.iinh i!u d<. -■ 'Cai'a'; 
procc'S did nol extend deeplv, fnr the runl- nf trie' m ih.n-e l.ne-- 
are rpiread horizontal!}' in 'liallcaw d.c;ith. a^ tlmiieh a.inah.n- t'.i wit 
peat lielow, jii't ;i' do the rnnt' of the invadinu fnrc'l irei' now 

It i' whnil}- po"ih]e ihtit conipar;iti\ ely little of the peat ",nw 
lorniiiig will reach a later rtage in trtni'forniation ; the ;!t;r:c'iiltiir..l 
importance of f>eaty lands ir umlerrtood. ;t' is tiXo the method for 
their {jreservation. so thtn the weirk of dndna^e and reclamation t\ill 
be more and more exteimive in the future. But with that thi' 'tudy 
is not concerned. The (|uostions involved deal with condition' 
prior to man's interference with nature'? operations. The evidence 
all encourages the belief that a very great part of the older petit hti' 
been protected and that the peat now forming in umnhtiiiited regio-i' 
will be protected in like manner, to become a genuineh' fn"d fuil. 
Buried peat depiosits are known throughout the world. 

Forchhammer. Jentzsch, F. E. Geinitz and others have dc'Crihid 
dune-covered bogs along the Btiltic ,'hores and C. A. Davi' hti- re- 
ferred to the 'ante condition in Michigan. The procc'' continue' in 
those regions. One finds frequent notes respecting submerged 
bogs, often continuous with livin.g bogs on the 'hore. as tlmugh tin 
swamj) had advanced up the ?urface during the ?ub'idcncc In 
some localities, jiortions of the submerged bog are alreadv envere 1 
with materials from the land, while other jrortions are 'till fne friiin 
cover: in such cases, the overlying deitO'it should contain marmc 
forms. At times, the influx of inorganic matter continue' umd 
land conditions, have been rcstoreel and the peat extend' i.vcr the 
new surface. Borings in northwestern Europe pass through a 'Uc- 
cession of peat bogs .sejiarated by sand or cla\'. .Ximil.ar relation' 
are cxjiosed in deep excavations and occ.a'ion.allv in npliftcdi .area' 
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J • - h.s- ui\^n nmiK-roU' in-taiicc' of '■uimit.T"c(! (iepo-its 

oa tlir o! .''Cl niuiiii, {-'artlicr inJniu!. in the UaiAe land? on both 

'id' ' "! C'iuntr\. ik<.|ily IiiiriL-'l (Icjm-it' have been expo.'Cd be 
llu- I be k'ucr Tax ha^ cn! it' channel down to ti peat Ijo”'. 

!in\', iiirirane the nver bed tnii! nnderhin.": about 17 feet of alluvia! 
IV..!'. : '.d. wli e'ii ne.ir the top coniuhis cockle.', nntS'cls and other 
Pi..ii'ie In 'oiiie [i.’iri' of the tride Laree area, ihi-^ ex- 

teii'Ue ilei'O'U re't' on allinial 'tnid' but in others on marine clays, 

I he pe.it I' much co7:)pre"ed ;md .'plit.' readily into Itiminte, on 
t'.ho'c 'urf,!Ce' lire >ivull .eeed' aJ)d wing cases of insects. As a 
rule, it i' m.'irked off 'Itarjdy from ilie overlying clay and silt. but. 
at time', it i' co\-ered nilh vegetable debris which was drilled in 
from places higher uj> in the Vtilley. Skertehly'" found that on the 
I.'le of I'dy the jietit underlies 4 to 8 feet of sill and elay and rests 
on ehiy, hoth roof and floor being marine, the peat marking an 
interruption in dejiosition of the clays. Several petit beds are within 
ij feet; the lowc't, iS inches thick, is normal, black and clean; but 
the higher peats are irregular and impure, mingled with clay, show- 
ing the contests between plants and muddy water. Travis’’^ has 
de'Crihcd a case of marine association, which shows also a by no 
means unusual relation of the beds. The Seaforth Dock excava- 
tion, 40 feet deep. 180 wide and 900 long, exposes two beds of 
]ieat. The lower. 18 to 24 inches thick, rests on gray sand and is 
shown for about 280 feet. At 5 to 10 feet higher, the interval 
being fillcil with Sti-obiciilaria clay, is the upper bed, 12 inches thick, 
which is exposed for 480 feet. It overlaps the lower one. which 
thins out. The peat in both bands is firm, woody, with occasional 
fr;igmenls of hark and twig', hut it contain' no stumps or tr-unks of 
trees. 

Lorie has recorded a great number of borings in Holland, which 
illu'ir:ite the succession of buried peat beds, separated by sands 
depn.'iied beneath the sea. Rutot has given records showing peat 
beds interc:daled in marine sediment' on the coast of Belgium. 

J GUkie. The Great Icc Age." 1895, pp 290-293. 

V' S. R. T Skertcldy. " Fetiland," pp. 14O-14J 

C. B. Travis. " Gcnlo.yic.al Xotes on Recent Dock Excavations at Liver- 
pool ami Rirkenheail," I'rm. Lw. hcol. im'., \ o! XL, 1913. PP- 237-275. 
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.''inidMl' rclcr> In a Inc.di't' , N'.larL n;a ii'aX .. , 
i'cat and marine ilejn-it--, nhmh he Lxn',.'n' 
har ^^a^ formed and h:nkin re:e.ned'\, -‘i \l\ i! ; '■ - • i :i < 

wai' alternateh' fre_'li\\aler and ime-'n. 

Ih’.t thi' hiirial cmiie' a'-n tn ndai'd: e>’n-->, d..-. _•, :i 

delta' nr ;a the head' nf Inne: e'tn.arie' ■, 1 (, ’ ■ t; ■ e. • a ' n 
teriad i> oi f re 'h.w ;;te r nnut'.’i. Much n; tin- In," ■ - 

France tirea, in ;dl ii'nre than 7.0'>n ''iuare n- le'. ■' : t t; • r ■' d r 

'Cti at atiy time 'tnce the yeat hecan tn n,rm, tl’n uta ad 

of the Gtmaes 'kha m at an tn 50 feet 'a-lnw ih.e , '/d’. a. 
aiirfticc :ind i' cnvercd with n\er -ill' 'ti at! :i''ea. nf oa; a c' 

2.500 Mjuare mile'. Fntnmhmeni 'eeiit' t" he tr.e laii n; h.ree 
and small alike, T'hillip.'’'' hti' re-corned, tlie section, of th.e linkkr- 
ness jteatr. thu' : iii Clay: i2) {.cat. with, ylant'. tree' :i:n'. rniit': 
131 'cariegated chiys. witli fre'h.wttter L' : 141 1 e.ai like Xn 
2: (5) clay with freshwater Cychtd' . i", hiiumiiinii' c!.i\ . 
coar.'c sandy ckiy. Xuniber 2 is the jier'i'tent meirhe;- of ihe 'cc- 
tion. but varies greatly in thickneS' ait'l chartwter Xe.ar lln". it m 
30 feet below the 'iirface and 2 feet th.ick. ctinttiiniitc; ’.at'ea tree-. 
Buried swamps abound on the Atlantic coti't C)f the I'mted St:.te'. 
especially along streams emptying into the lotiy e-trarie-' occtti'W-.n 
"drowned valleys.’’ One citatifiii .'ufticc' tc.i illu'traie the cond.’- 
tions. Berry"' says that ^uch swamp- tire e.Kpn-ed b_\ ent-ion at 
many places along the Janies. Rappahannock and I'ntomac River-, 
all emptying into Chesajieake bay. Alo-t of tlK.oe cf nerved in 
iy07-o<4 were cypre-s swamps, though some were nf the open tvne 
v.’ith birch, oak, pine and other form-. \Micn (|uiet conditinn- ac- 
comj)anied -uhsidcnce of the forest bed, ch;v i- the roof, coniai i- 
ing Uiiio. if the locality be near the head of the e-ttiarv, nj- h\:r ■ 
ciDicatu, if farther down within reach of saline water, d hi- cnndi- 
tion of quiet subsidence is shown in the photograph of an expo-iirt 

'' Sirodot. '■ A,ge du gi-emeiit de Mont-Dol,” etc, C"ii:l-\s Y i! 

87. 1878, pp. 267-269. 

J Phillips, "Illustrations of the Geoingy of Vnrk-lurn" 2d e-I iS-: 
Vol. I., pp 25-27. 

■■ E \V. Berry, "Pleistocene Suamp Depnsit- in \hreniia," hi,,r Y.y- 
uralist. \'ol. XLIII,, 1909, pp. 432-436. 
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iK.ir I ai/j’iihj.nniick, \ ir^inia. where a bed of massive hard peat is 
i^xoi'id till' liali a mile. Thi' covered with pla'tic clav. i to 4 
let,;, iniikrl'.iuL; 10 tn 15 ieet of coar'^e 'and One sees manv 
cvpi i" -lu'i'p- in jilace. with tlieir knees ” projecting into the sand. 
When.' ilk 'itli'iiUnce wk' aeci 'nipanieil or followed hv disturbance, 
tile e\ii!ence appe.if' in the more or Ic'? planed, or eroded surface 
on wlncli eravel or 'aii'l' rc't. a' i' shown in a photograph of peat 
with embeiiiktl c\ prc" ,'iiimp', wliich i? unconformable by erosion 
to tile overhint; sainls. 

U.reater inierc'i attaciic' t'- the interglacial buried peats, which 
!ia\t been coterci with material traii'ported iluring the Ice Age. 
The'C, un'k-rltir.g cla\s. ^anlls or gravek. exhibit many features 
wh'.clt are imprirtant Itere. Such dc])o.'it' have been observed in 
many ianiis. 

The ileeph- ljuried p.ea: rn hlontgt'imery county. Ohio, originally 
'tuilied bv K. ( >rton, Sr., has been restudied by Dachnrtwski.'- The 
expo'ure i' in the bank of a tributary to the Miami River and under- 
lie' 80 to 100 feet of stratified clay and gravel. There are indica- 
tions that the deposit is part of a large area and that it marks the 
deeper pesnion of an extensive water-basin. The thickness, as now 
exposetl, is from i to 4 feet, but, 45 years ago when Ortonk descrip- 
tion was written, it was fritm la to ao feet. I he uppermost layers 
ciiiitain undeconipjosed sphagnum-nio-ses and underlie fine silty blue 
clav. Th.e lower portions grade into a well-decomin.'>sed, very com- 
pact peat which liLikls fragments of wood. This peat rests on several 
feet of fine sand underlain by clay and gravel. Near the southern 
margin, according tri k'rton. a large iiuantity of timber wms found, 
ro^its. branches and twig<. much of which had been tiattened by 
prc'S'Uvc. I hc Wo d i' largely but not e.xchisively coniferous. Xew- 
Iterrv' ' recallcl t'olleti’s discovery in much of southern Indiana of 
a hurieil deposit. 2 to 00 feet thick, containing rooted stumps. In 
later vear.s. W I iMcGee. F. Leverett. F. B. Taylor and J. W. Gold- 
thwait have dc'crihed interglacial dep 'Sits. some of which are very 
extensive. 

o .X DaebiioW'ki. " IXat Heiiusits of (Ohio.” ( k-ol Snrv. Ohio. Bull. 16. 
mu. UP io_’, lo.t 

;■ L S Xewl't'rrv. ” ( jcoloiiical Siirxe\ i.>f Ohio. \ td. II. 1 ^ 74 . PP- 30-3-. 
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DunL'p'" has given lietaiU i.f a. 'CCli'in nh-er\eh. ie. i-.r'i ..h. ';;i 
tWL'i mi'.es trijni Air.lrie, Sentlanii. I'he (i!ale-. ■ ie 'va iv ' ’ ■ le . > mi 
A lluviuni, 3 feet; i Ji peat, with tree' 't.in'ii-ie ni' t'.'r''i’e'. J ieei; 
131 L nper 11- uleier e'la}, ea 'nt.iirnig a g'liie'h. l.i\er nt \u;,-.r;te iie.iv 
the botteim, 4 feet: 14' 'an-l witli partine' . i liiti. e'..i\ . 11 iiieiie'; 
(5) petit, I foot 5 incite'; ( t) 1 I’niuhler cLiv. nut nK.i'ir.e-! 1 he 
upper pea; heil i? recent, bnt the '."Wer i^ interuhici.ii 1" e pe.il ■ 1 
the latter split' reailily int'> la_\e-' an! iltirke'-' '■ M'e'A ii.ii lacii-.'. 
on expusure. S nie la.wr' c-ai'i.'t i>f 'eeh.' --f //t^pc/cX : a. aio.s 
ML-iiuinthus tnfoliara. ethfr? are w-h.eii\ vi ;!'"."e' tin-'.. -.leM'' t'.ie 
b'lttcim, are ^rlntc ceintaintng abuiielant reniah'' eo’ beetle' llv.. ii ' 
traces were ftunii cif the trees nsnahy fotn’ . in b-'g', ti't le friiin 
some leaves resembling wilh.-w. The cower i: sane! bnt silica is prtiC- 
tically wanting in the peat, which, air-dried, -'.-ntain' <> ]ier cent, "f 
ash, mostly o.xide of iron. In this bcel are boulders of .'tind'tone and 
gneiss, varying in size and distributed irregularly: all are w aterw - ivn 
andi those which are little disiiitegrate>l sh"W ice-marking'. 

Reid's'- report, on behalf of a co'nimittee. which stiahed. the de- 
posits at H-'ixne. on the biTder of X"rf, -Ik an-l .''ufi-ilk, Mng'aml, 
relates that at that place a lie-l "f lignite. 1 i 3 feet th.ick ami d.i'- 
appearing at the l)0ird,crs <.>i tiic valley, re-'i' on a carh- nace-iii- c';-.'. 
containing lacustrian shells and s-jme d,rifte(! se-e Is Tite l.'uik ..f the 
lignite consists of abler wrod jireservinii the hark, . tfal fr- cm al 'et' 
along with remains r>f either plant', ail of the s wamp-l. -ving tvoe — 
altogether. 37 species of dowering plants ami 11 --.f m 'Se-' The 
presence of jjooR in the -iwamp i' indicated li_\ the occurrence - f 
f’lik'iJ/u, Pisidiiiiil. rare fi'liln-incs and elytra of beetle' in ilw ''gn te . 
ever}- plant inducates a teiniierate climate .\ black 1 .ini, 13 fi et 
thick, rwerlic' the lignite' it i' heatitifullv laminate-! am! c- nta im 
well-]ire'er\ e-l remains -if jilan*' hel-iiiging t-- a c--!-! cli'uau-, ilw 
arctic willow ami Iiirch, I-'ragmeiU' of plant' he'ouging t- - a tvn- 
])tr;tte dimtite occur in thi' loam, hut their ci-mhiioii 'Ii- w ' th-ti; tiiev 
Were derived from the underle iiig -lepo'it .Mn-ve the 1 '.im at e 

R Dunlii]!, "X-ite- nil a Si-e-tmii nf I!- niMi r-Clae . r.im.mnim .1 i!e-l of 
Peat,” Trims (ilas'inm. \'(i1 \'III. ii[i tij-’ijg 

C Reid, "Tin- Relation of Paleolitliic Man to tlie I'dae'.il i-',iinch,” Rep 
Rnt. .Issne Adz' Sei . iS’i;fi, pp 41)0-415 
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uniNeX ami lirick-clay, the latter containing freshwater shell?, frag- 
ment' el Weed ami ]iale. lithic imiilements. The-e facts presented by 
leeal '1' w tliat the peat has l)een cnnverted by pre'Sure into a lignite- 
!ike 'lin'tanci. : the gianvih of the swamp was checked and the peat 
ina\ ha\e been expe'cd tluring the considerable period of changing 
c’.iniaie. w Iiich led I''! the introduction of a subarctic flora. Direct 
'uperpi i.'Ua n and C'. nforniability are certainly not evidence of con- 
ef diep' i-iticin. 

De la Harpe'-' 'U"- a beii of peat at Lausanne, Switzerland, one 
meter and a half . tit ing' gravel and resting on marl. The 

peat i' mixed v ith . lowest part and the highest part 

contain? some tine iiiieaccous sand. Here and there in the black 
peat are ucca'icnal roex fragments, wholly isolated, a? though one 
had ctist them into the soft mass. Seeds, tree stems and branches, 
altcgether decayed, were observed with, here and there in the upper 
part, a fragment of bark resembling birch. The underlying mar; is 
without pebbles but has abundance of LyutiKra. J'alz'afa. Plaitorbis, 
Cyclas and Pisidiiiiu. 

Keilhack'“ saw a coal deposit near Lauenberg on the Elbe, with 
these relations, descending; t i ) L’pper clay, with shells : i 2) diluvial 
sand. 15 meters; (3I ccai bed. consisting of ia) fragmentary coal 
with stem? and branches, [h 1 fruits and leaves, ( o') moss; (4') clay; 

I 5 I diluvial sand with Caniiiiui cdulc. 

Xi'i adiditional iletails are given in ih.e abstract. During the dis- 
cussion. HaucheCcirne and lleyrich insi'ted that the material is not 
C'lal Inu peat. Evidently the cliange in physical dtaracter was suffi- 
cient t. r make tb.e relations soinewhat di'iubtful. It is to be noted that 
the tiaui'f nuation is mit't advanced in the upper part and that the 
mil'' at the bottom ajiiiears to have undergone little cliange. 

The die]iO'its at Klingc. near Kottbus in I’.randenburg, have given 
rise to much d''CUS'ion as did that at Lauenberg. Keilhack'^ ex- 
amined the .creait excavation and observed this succc'sion, descend- 

'r rh Dc la Ilari'e. " Siir im <;isement (L tourbe gLeiaire,” Bull. Soc. 
I'aud Laitsaiiiu’, XIV. 1877. pii. 45(045, S. 

' Kcilliack. Zcitsch. d d i/ca/. Licsclt., Bh. XXX\ II , 18S5, p. 549. 

'•H Keilliaek. " IXr .Mter lU-r Tortla^cr und iUrer Ijosjk'it'cliichten von 
Klin^e boi Knuluis," Zcilsch d. d. ycol ilcscU., Bd. XLIV., 1890. pp. 369-371. 



GS 


ST[:\ rxsi )X --iXTrkki-'i. \T!i 'X> ig liii ii xi.s 


hv^ 1 [ 

1 Dihu 

'.ni> 

, a L- ‘ 5 me 

ui' : 

' - ' V 

A.v' > tiacL ■ ' ’:t: . i J 

1 1 . c e c r ; 

0 ’ '>J'' 

\vn c VI 

.. peat-hke. i 

n-ete 

I u* » -x 

derran, m .} . ..p. 

marl, 3 

T' 1 y 

n/tCcL't'" 

■ 5 ■ 45 

v’cr. 

I' "l lC 

. :--c- : ■ ym ixt: : > 

.Mo,.-:. 

"f \\ ir’ti 


inl rcc'!'. a'i 

u 1 

C ' ■ 

e • vn :■ .it' .t u'. 

'A .'ol, ' 

cc 1 > , r 

i:/ :IK'' 

of "f ^ 

• 1 f 

' l.e 

e rf d ,0 .a - 

I . / TiL lc". 






'I'h.e 

l.eliar; 

rf I- .i 

(. n ’ne ‘ V. ; ' ^ 


. ■'tv. 

. ' G ! ' 3 t. ^ ! (in 

lain of 

:'!w 

c.o.m 

n . ' • A ''etc’ 



!\c . ' k k;! i : ' 

licU' : A 

.n tlx ; 

t-C -■[ *L 

h. m - ' ■ 



n e ' e iW ! l' n 

1 /c < -Clc.-' 

■ u i ! ;c ' ! 

•n \ 

. :rn \ 

. k (. 

J 

f 3 c ' 

tin: the 

■’e; 0-; 

-nt. 

r..: : 

’■ ' .1 

‘ c 

n \ . . . c 3 ! n . i ... c 3 3 c 

C^ch.ieferko’nle t 

•f L'un 

.ch an.l 1 


t re.i 

:e 1 ' -ita 1 1 ih.e a.m.e 

loctdity 

aPol obt.nne'i 

; 'ccn* >n. 1. :< 

a I : 

. f'-aa 

r. ..xotlar oortpan oi 

the e-xc. 

.vtition 

Tile 

'Le,r 3 - ,i 

he' 


iri..\n:nnn of a nieu-r 

tindi ti 

talf. X 

nin’ 'L'r 

4 <.'i }\u:.Ikio 

C- ' 

ucU'-'n 

being ab'cllt. The 

f — 1 

r 

ri rc'l' 

L’il lL; 

•• L_’. n'ari 'Au-: 

i\ in:. 

■ ^an-i 

1 !e think' that the 

peat n ; 

j''''r-glacial. Jn 

rnc f' v!' ''vV sny 

> 

•. i'.'t' 

she'' >ii'.nme'l up con- 

r*> 

prc'cn 

-ed; !i\ 

I. bre'h'er, 1 

1 K 

eiihacl 

-X'eiinng a? well 

ii> iiy 1 

tiler al 

-er\ cF' 

am 1 'I'-'v Lm^^. 

1 m 

detai 

tlte rel;ui’>n' cif the 

li'.’ra fa' 

un-'. in 

lIil- Ixln 

'.,ge dej o>!r,. 

Thi.' i? 'li 

?tinctl.\ d.iluvial. The 


i.' tiia: ■'!' >" niaiiv ba-in^. Lcbcrt'-iri bck'W, 

'UOccOrG.tjG. Ij: ; .ea; .n -.vnicl! are many erect r. > >teil clca:'-> 

;;; Xa T'.ie C'.’mprcjsian, due t.. weight 'jf the overlying ilei^'i'it. 
lia'.i ?■■> cr.ar.ger! tlie appearance that Keilhack th'cughi it hrcAvn cc‘a; 
with peat-like feature', while Credner preferred tC' call it peat with 
reweml fiance to itrc>wn coal. 

AW'her'' (le?cril)ed two interglacial peat <IcpO'it', expo-eil durme 
excatati' n rif a canal front the Kibe to the Kider, Hne. -eeii where 
the ctmtil emerge? upon the Ki<ler lowland, i? expo-ed for more tiia”. 
r.< no feet The nnderlting inateritd varie- 'I'lie bed. i- m i w o 
diivi'ion? 'Cparated by ?and : the njiper one Ita- 'Uiferedi ninch from 
dii'turbance and i? broken nj) badly, while the r-r one i< ]i’'a."ii'rd’\ 


' ' H, Credner. " Ueber die .aeolouische Stellune dtr Khneer Sc'r.’ci’.ten. " 
Ft W. (Jcs. U'iis. Lcipziij. Bd. XLI\ . iSya, pp 385-402 

H. Potonie, Xaturiziss.-Wi'izhcnschrift., Bd. XTlf., 1X03, pp. 3031!. 
o C, Weber. "Ueber zwei Tordatjer im Bttte di i Xi 'rd-ri-tm-e-CaiialC' 
bei Griuienthal,” Xciics Jahrbuch, i8pi, Bd HT , pp naff 
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I’li'ii'ir.rlici':. lii- at ■ ne ciiil of thu ex])o-;ure it i' curved upward 
'■ a':!'. -'t ti reacii ibe --urfacc. 1 he succt-'.'iou in the lower 

datwi 'i! 1- ch'ar’,\- liiai oh'crveil in ])eat-ti’.'.ed ponds. The quartz 
.'aiiii wh'.c’a. the peat reots i? without lime; by increase of humic 
matier. it pa"L-' jtraduaHv intia peat with rcots. leaves and fruits 
of J‘i‘tL:i!:,'iu'loJ! and rhizomes of Plu\iijJiiitcs : Hypniim fliiitans 
appear-- at the top of ihi' liottom layer, which l)a^^e^ upward into a 
thin la\Lr of hard jieai. im >tly Hypnuiii flnitaiis accompanied by 
and Plirai/tnitis, the latter increasing above. Inde- 
terminate ft'agnieni- of beeile-e!_\ tra. pollen of conifers and Bctiila. 
with -ji-ires of llypiiiini are abundant. This in turn passes very 
gradmady into the third la>er. 65 centimeters thick, very sandy 
brittle peat, containing abundance of twigs and roots of Finns syl- 
I'cstris with leaves, seeds and wood of Bctula verrucosa, leaves of 
willow and wood of Coryius: there is much compressed wood, prob- 
ably willow, some wood of hr and juniper was seen along with rhi- 
zomes of Xupliar, Typha. Potainogeton. etc. The highest layer is 
mos— peat, about a meter and a lialf thick, mostly Hypnnin haiiiifoliiis 
with very little wood and rare Spliagiiuni. 

The conditions are similar to those recorded in many recent peat 
deposits. But during deposition of the overlying sand, as .shown 
by \\’eber’s profile, the lower beds sufferetl much from erosion at 
one side, where the upper surface is jagged. The whole mass, in- 
cluding both divisions and the sand parting, has been subjected to 
severe lateral pressure, producing disruption cf the upper division, 
upturning of both, so that the old peat deposit is almost united to 
the recent bog covering the p;'esem surface. 

Molengraaff" report> that, in Borneo on the IMandai river, he 
saw thin lasers of peat alternating with clay loam, the peat so com- 
pressed as to resemble brown coal. (Jn the same river he saw thin 
beds of coal, evidently of recent origin; it is of poor quality, is lami- 
nated, lustrous, and has cleavage in two directions, breaking into 
parallelopipedons. 

The deposits of Schieferkohle show similar features but on a 
much more extensive scale. Heer^” examined the Schieferkohle at 

" C. F. IMolengraaff. " Borneo,” etc., Eng. ed., p. 43. 

O Heer, '' Die Schieferkohle von Utznach und Durnten,” Zurich, 1858, 
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Dunucii, wl’crc !il- fiuniX. ii'i.i-.;; ij ilxi "f O' '.F ^ i! 

clay, with trc-iia atcr ;i!;F nr. !l r!\ itw a'.-rt y. . Wi- i '.-a.i 

tiiiit yra\'cl. i iic I ici , w iti\iilL'i ir .-tx ; ’tit'ti'tr ' . i, wt. ’ ' a- 

tc-ria! unfit ii.r fuel tiri'i, i'; ti!',, a'l.'iu J lia ia-cia- . f 

Ciitil tire !i"t tilikc. The .I'We'r cuntati'' -iittc ; ' ,;a ’ 

P'lms (I'li'S. wl'iicii tire wtinfiiLt in 'I’Ai’.e; nai't' ..f ih, 'a ' !•; i... '• 

Ilf the lipiier lieiiciie', . 'Pe li;:.','. Iir't. la\er' .■! '■ ■" th'ti.'' ", t • i,:'-! 

ma^'cs anii jiierccJ liy reeiK. ainc’.t are f '.'.'i-.'.e.: f" ' a c 

in a'-', liirectii ipw, ti-'Liciateii with rint'. lairk' ..r i a' 

'ekiiint ver_\ thick an.! ti!w:i\' pre^eil fi.at r’'e anirc.i' 

I’iritinct tliiiiiyli. at fhne,', t'aev ha\e iaen I'.i't. '• te.'; 'wi t''e 
Scnie 'tent' are whully c'aleii tij if li\ 'i^iitifir e 'I'iie tree treatk-. 
a' in peat, arc emheihicii in a Im -w r-h'.ack 'iiii'ieaice, I'erweh. nn- 
questionabi}' fr'jtn licrbace' it;.' plant' tin.’ . rij,finar.\ fnr riri,c a pflp} 
ma.'S. Tilt' ^ucce^^illn ap]ie;ir' in evciw htiicli except tlte h.'e'.ic'l. 
in which recu,' am! nai"e' ]irci!' -niinate. while 'te-P' nf tree-' tire 
comiiarative!}- rare. -\t L'nterwetzik. m, the li.ynite re-t' ■ ai marl 
with freshwater sIielA. .\t L'tznacii. there are two beil.' ef ii.trnite, 
5 aiii.l 3 feet thick, separatefi by in t.j 20 feet cif m.arly e!epi''i;' .\t 

iNIorschwyl. the Schiefcrk’dilc. vartab'e in thickne.=', r-veritc' tiii'l 
underlies marl and ha,' a cover e f 21 1 to 70 feet. It contani' tert.e'al 
stems, which in many ca'C' extend into the over]} iny irarl 

Heer's stud}' Cif the plants pr'.ived that the re'cmhlance 'U’ .'■clite- 
ferkolile to peat i' d.implete. The trees are Pinits P. s' 'ssststs 

and P. iiiciPuihi, which are prcistrate — thew' must liave iiecn uver- 
turnei.l and been sunken in the b.-g. The woo'I ;' soft w'c.en rir'i 
removed, but it harden' ipiickly on e.xjici.'ure : tl'e htrk i- c. crT. n'\ 
pre^ent and twig.^ and liranche'. retainin.g the Ic.'ut'. i.cwcr frc' 
quentlv. ( >tlier tree- are yew. larch, white birch and 'icamurc I'iw 
la.'t i' represented by a fewv leaves in the ligiiitiferi 'US cla\ ' ' !:is 

is not rare : Mtinaiithns is rejmesented by abumlant 'Ceib and; Pi''.!i/- 
iiiites abounds in the clay partin.e;' 'with Scirf'u-.-, Spluhnim:: ;ind 
three .species of Ilyl'iinin were > btained at l)iirnten I’Ik .^chicfei'' 
kolile and its jiarting' cuntain abundance nf nni"el' ami 'wa'iiji im 

pp. 7-11: "The Primaeval World of Switzerland," Londuti. i8;ti, \’i.I I. pp 
29, 30: Vol. II., 155. 157. 160-163. 
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■'L-v",'-. while aiiiuny the jiit;her tininia'.' which perished in the bog are 
A'.' !l Mori. unis and FJoHias aiitiqiiiis. 

1 A-'-cke'"' jHjks upi 111 the Swiss ililuvial coal as a link between 
pe.ii anil lin wn coal: it ja'is'C' over into both types. lie discU'Sed 
iinl\ the IM or-chw I deposit a^ I leer had given details respecting 
till -e at Idznach and Durnten. 'rite coal lies in diluvium. 40 to 50 
leet abii\e the Aliocene, is covered with drift-material, often 80 
feet tliick. and rests on ashen-gray shale or cn a clayey sand con- 
la'.ning small pebbles. Tlie lowe-t coal layer encloses very many 
'terns of tree-', among which Scotch hr. red and white spruces, oaks, 
birche.' and rithers c;ui be identified. All had been broken olt ami 
th.e fragments are fr-sm 8 to 12 feet long with, in some cases, a 
diameter of 3 feet. E.xcept where the stumps are rooted, the stems 
are pri 'Strate and show very marked compression. Birches are much 
tlattencd. the width of a stem being often 24 times its thickness, 
y'oniiers are less comjiressed. the width being rarely more than 4 
times the thickness. Above this layer is a clay-shale parting, one 
foot thick, on which rests a coal composed chiefly of grasses and 
mosses, but containing many birches, some Scotch firs and rare 
spruces In the clay shale and in the lower coal. Deicke found a 
great (juantity of cones of Scotch fir. red and white spruce, rare 
cupules of ciak. seeds of various grasses and wings of insects. The 
seci >nd bench Ilf Cl. al i' succeeded by 4 feet of coaly shale, on which 
is another coal bed. averaging 3 feet and broken by shaly partings. 
The whole d.eposit thins away toward the borders. The coaly shale 
has nests of Schieferkohle and shows erect stems which, though frac- 
tured. are not compressed. Deicke recognizes W'aldmoor conditions 
here: a fnrest was overwhelmed Ity mud, on which a Tcirfmnor 
develi >]ied. d'he trees died and were blown over: cones of spruce 
and fir remained in the mud and projected into the growing peat: 
Scotch firs, birches and the rest grew on the peat and were destroyed, 
when that material increased. Then came the influx of detritus and 
the resulting compres'ion. \\ ood comprises about one tenth of the 
ma'S, When e\'posed to the air and sunshine, the lignite changes, 
Ici'e' texTure and becomes rechkohlc ; luit complete change takes 

T. C. Deicke, "L’eber die Diliivial-Kohle bei Morschwyl im Kanton 
St. Gallen,” Xciics Jahrbuch, 1858, pp. 650-663. 
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cartin a ai!. i clear brnwn C";il. 7 iiiclic' : I'.arb. ;>r'i\\r. c-.a'. 

3 iiiclic' The three henche? ;ire U' 'hiarkly ili-titic: a.' iiri'e .>f ar.y 
peat bijc ' r l>ei! <.f 'tide C' eil. Tite \\h"'.c tltickne". liicltahr.a I'a- 
tliin partiny-'. ir- 2 feet ar.il the mnhl'.e bench i> h.ar.’.er th.ar th.at 
abeive it. 

\han ( it’.nibei,''- who had .'tudicJ the bavarian Sciiieicrk. 'iile i". 
place, jubjected to nticrojcopicai exaininaticin material cnilecte'l at 
I'.'caliticj in Bavaria and SwitzerlancL He describes the Schiefe-r- 
kc'hle a' partly Icose. partly d.ensc in structure, often like rechk<''ir.e. 
It ccintains many dattened branches and parts of tree; belonging !■ > 
cmiifcrs. birch, willow, abler, in part lignite but at times alrcadt' 
Pechkishle. Solution of caustic potash cinvcrts the les; dense por- 
ti'.'iii into a ^oft closely felted mass, in which the microscope shows, 
as predeminating. parts of mosses and grass leaves. Tissue of \\ci, u.l 
appears rareltr The dense Pechkohle required treatment with 
Tlleichflussigkeit 1 pc'tassium chlorate and nitric aciil) in order t' 
bring rait the structure. The deii'est material is that fruin hber- 
schw_\l. which shows the same plants as tlnS'e in the loO'cr r Ic"' 
dense portions along with an amorph.ru' texturelc^s 'ub-tance like 
dopplerite. The density is due tc) this materia!, wliicli lie terni' 
Carbolnimin. r’cllen. .spores of mosses and licliens are nut verv 
abundtint : ceme^ of conifers are numerou,-. in the C' sal ma,". liut are 
little defermed tliougli tliey lie aicnigside uf CMmpre-'ed ^tenn. Tlie 

inside of stem- i' yel’c-wish and soft like deca' ed 1, I)nt tiic 

bark zone lias been convcrteil into bright I 'eciikoliie. 

The Bavarian localities are typical. At Inihergtrili.'d, near 
Sontliofcn, a Itrown coal dcpo.-'it is divided lo' parting- of -andv 
marl, which are crowded with plant fragment- .and conifer needle- 

■n R Klebs, "Die Braunkohlenformation urn Ifeihaeiilieil." SJirift (ics 
Konlgsbcri! , Jalirg. 21, 1880, !>. 82. 

C W. V. Giimliel, ■' Beitrage." etc., pp. 135-1^^8 
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and h.i\c the jetiturc'- sugecAing dcpo^itioii bv floods, which re- 
pi.:iUm 11 _\ (i\ cr--|irL;id the continuou'ly growing peat. They bear 
cbi-e re'L'nil)l;ince Itj the j>:iriings ■^eeil in most coal beds. At Gross- 
weil. iietir the Kochelsee, the Schieferkohle consists of easily sepa- 
rated bi\ ers of brown coal, twigs and wood fragments with others 
of letives of grti'ses ;ind mosses. The composition is made clear by 
Miliition (jf ctmstic jjotash. Spliayiiuin is the chief constituent of 
the oKis.' hiyer^ ; in others, pollen is abundant with small nests of 
fibrous peat and an alga. The deposit is distinctly one of peat and, 
tit all loctilitie-;, the coal-like and the peat-like portions pass gradu- 
ally into each other. 

\'on Ammon'' has given some notes respecting the distidbution 
of Bavarian Schieferkohle. He states that a diluvial formation 
e.\tends along the Loisach in an area of y by 2 kilometers between 
the iMurnauer i\Ioos and the Kochelsee. In this is embedded the coal 
bed mined near Grossweil | about 40 miles south-southwest from 
iMiinchen ) , which he thinks is a forested Flachmoor of intra- 
morainal age. It was opened at one time near Ohlstadt, where it is 
double and about 1.6 meter thick. At 10 meters above is another 
bed showing coal. 0.7 and 0.6 meter, separated by a parting of one 
meter. The coal is an earthy brown coal with inclusion of lignite. 
The Schieferkohle of Sonthofen varies much but is often several 
feet thick. At josephsfelde. the thickness i^ from one to 3 meters; 
at Imbergtobal. there are two beds, three meters apart; the lower 
is from 2 to 5 meters thick and ui)por about 1.5 meter and impure. 

Schieferkohle occurs in extensive deiiosits within Upper Austria, 
Stvria ;md Tyrol. Lorenz"'* reported upon the conditions ol)seryed 
Iw him in the llau-rucker mountains of L'i)per Austria. The suc- 
ce'.'ion i'l I ragmentarv ma.terial, Kuhle -1 egel system, legel, and 
the depo'it' appear to be conformable. 1 he coal-marl system is 
from 100 to 1 ;o feet thick and at most localitie- it ^hows three coal 
lieds. The top and l)oiiom be<ls are 7 to 8 feet thick, but the 
middle one is 12 feet. The lower beds are -eparated by a small 

■' ■L V. .Vnunnii, " ILirerische Braunkohlcn uiid ihre W-rwertung,” 
Mr.nclxn. 191 1. in' 0- i**- *'.U 

I k. Loren/. " Ueber (he Eusteluing (ler Hausrueker Kohlenlager,” 
,M.L'-A’cr. k .Ikjd. lldss. Wirii. Bd. XXIL, iHs;. pp. OOO-O04 
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intcr\:il. niit tlic toji lifil i' ii'iialK a'niiu <<■> in-t iIk 

l-'ach iii-il i' liniitcil alnAc anil iicluw ip\ -'.'.’k. _> 'i' lic' I'p 

J feet tliick. which pti'^e.' ”r;iilu.ill_\ iittn etc.;. '';>.e rre.r’;. cl.!’. 1 h. 

liiwer hcil' tire clullhle. tli\iileil h\ Ce.rhi .lu.cci nt' -h.ile 1 I’.l w.ptt'tic 
in the Iijwer heil i> 2 inche- thick, .it to j; teet trui'.i th.e lk..ir 
if kiiiiwii :i' the " 1 ! nhl-h:c;’ " : that i;i the irai' '-'.i. he.!, i ".i.'.',:; a- I'le 
■' Kcith-kiu. " i> ahtiii't paj.’cr-thiti hut i' !ier--i''i.r!t ik'i'k' 
there nccur ucca-n ‘ittilly iu the.-e heil> It.;, er- nt ciai'cc'! -i pi. 

one thinl to c>ne htilf inch thick aiiil tersi’.e'l " ISr.in.!-! i.^ " ; ;!w_. t.ta 
of limited extent tinil ctiniiot he re^tiriieil tp- |>iprtmc' V' tin 
peculiaritief of the hed.' convincc'.l tlte t.uiltipf that tltc'c tire cni- 
pofeil of ill situ jiltintf. he explaiiif the " ijraud-lti;t,' " tif pleriveil 
from burned vegetable matter — thtit po.'-ihiy the ^urftice of the 
deposit had been iii'nited by liwlitninif. After the hre htul hurnc-'l 
out. vegetation began anew. The nitif? of chtirred matter i.' eticlofed 
in unchanged lignite, the feparation being fharply defined. 

Schreiber--' has referred to two diluvial moor.f. otie near Piehl in 
Styria and the other at Hopigtirten in Tyrol. That at Piehl if tit 
200 meterf above the bottom of the pre.feiit valley ami if fia.im one 
to one and a half meter thick. It unilerlief 150 meter,- of con.- 
glomeratic materialf, and thif great burden ha? fo coinpre-fetl it 
that it rcfembles brown coal ; but Schreiber object- ftrenuou-lv ip.i 
the term Schieferkohle. preferring Schiefertorf. to di-tinguiflt 11 
more fharply from the Tertiary brown coal. At Piehl, it re-t.- on .i 
marl : the lowe.ft layer i? brown hyimetuni jieat with loo-e te.xiure, 
on which restf reed or rufh peat, containing much eanhv mailer 
Then follow> a com])aratively thick layer of Bruchiorf. cnnipo-ed 
chietiv of tirf and birchcf. The highe-t layer if a -eilee-ino-- pe.ai 
and i.- thin at all localiticf examined liy Schreiber. ( Harlvni” ilr- 
bed i- -ami)' clay, .fucceeded by moraine -tuff ami pdacial ilehri- 
The llopfgarten dejjofit overlie- im'ire than roo nieler- of cl.icial 
deliri.-, from which it if .-eparated by clay liand-. It w,i- iiia.i-ureil 
at three place- and the thickncf- feenif to be .almo-t C’ln-tant at 
about a meter and ;i half. The lowe-t jioriiou i- Riepltorf, with 
much mud and con-i-ting nioftly of -edge-, ihouch, here and there, 
H Schrclhcr, " W-rsrk-t-chcnin.iir iiml Muoibhihiim," !.'tc , iip 
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rccil and brown mo-'s peat are shown. W ell-marked Bruchtorf 
lolluw?, cumj)(j^ed mostly of Fichte, though occasional specimens of 
Scotch hr tiiiil birch were seen, -\ccording to Zailier, the sedge- 
iiio" ])eat follow-, but Schrciber saw only a mere fragment of it. 
’idle depir-it umlerlies moraine stult. The Hopfgarten peat is less 
like coal than that at Piehl, though both are of the same age. 
Schrciber explains this by difference in the pressure. 

Burst'nig Boijs. — Peat often remains a long time in the condition 
of " (piaking bog.” The floating mat constantly increases in thick- 
ness, so that at length it can carry large tree- ; but, under it, material 
from the bottom of the mat accumulates slowly and is pulpy. After 
long-continued ruins, water may collect in such quantity as to break 
the cover and the black mud may be discharged upon lower levels. 
Lyell.'"' referring to the Solway moss in southern Scotland, states 
that its surface, covered with grass and rushes, shakes under the 
least pressure, the bottom being unsound and semi-fluid. On De- 
cember i6, iJ/2. having been filled like a sponge during long-con- 
tinued heavy rains, this bog swelled above the surrounding area and 
finally burst. A stream of half consolidated black mud crept over 
the plain with speed like that of an ordinary lava-current. The 
deluge covered about 400 acres. Tait'-’' says that a very great part 
of the moss of Kincardine is a quaking bog, the peat being so wet 
as to be semi-fluid. During the process of reclamation, the support 
for the mass was removed and, on iMarch 21, 1792, the peat began 
to run on the west side and the flow covered about an acre. On the 
same dav in 1703, the flow was repeated and the peat mud covered 
nearlv tj acres of the cleared space. The extreme depth of the 
overflow was 8 feet. 

d'he phenomenon i- by no means rare. Lyell conceives that 
lake- and arm- of the sea must occa-ion:dly become receptacles of 
drift peat; and m thi- wav he would explain alternations of clay 
,-ind -and with depo-its of iieat, found frequently on -ome coasts. 
'I'hi- explanation would suffice only for some indefinite and in- 
-igniticant dejio-its; it is difficult to conceive how the ixapiired con- 

C Lyell, “ Principles nf Gcolouy,” Xcw Vork. 1872, \ ol. IL. pp. 510. 511. 

'V C Tait, " .\n .\ccount of the Peat-Mosse.s of Kincariline and Flanders. 
Pertli.shirc,” Trans /\nv. Sac. lidinburith, \ ol HI., 1794 . P- 278 
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c;irci 'll' ir.j.ttcr ai!i.;i!!i!~. itu tlimr nt inal i 'I'lii'ii.ilitiL, iii l" ii'i- "f 
Likt' 1' aj't t'l 'ic iIk- kinnliar L;ki, mar!, '"iTK'i X;. i /. .r; .ai.; 
ir.'ilki'k'. All' ! Cl 'm.'.'Minr; I illx r fii'hwaur iiin;'-. Wlaii. CAicaaiiii' 
r.Mttcr i' Iackiiix. I'mc cLi\ m the ii'ii.il iIiht .M.rl a'l'! c'...\ aii 
alnui'i m" r\ ii 'll' ; the :mjirc"iiin li.i' |iia\.ir.Lil that piAi un'U' 
111!';. I'll A t!"iir inipcrc >1 'll' tn water 

Hilt !U..r'lK' atiil I'l.iit ilep.ic'it' max nriitmate mi inclv et aiu -m';, 
wliich !' free iriitii cmi'titttent.' injitnoU' ti> ['lam '.iic. I'r.e uia..' 

( ikeriiiukee Swamp of t.'ieoryia attii the iintch yreater Ifi-mal Swaiiii' 
of k'irginia and Xurth I'an.ilinti re.-t. in x'feat jiart, on <and ami in 
each the j'etit tb.ick. ddic btirieil ]'e:it of the lioiland-Ilelciitin- 
France area ha' nio.'tly a door of blue chiy. though in nianv ['lace.' 
it rest' on .'and. Ty[iical fro'h water peat may overlie nuiriiie .'and', 
clays or linie.'tones. 'Idle Xarse hind [letit' of .Scotland, accordinif 
to J. Geikic, htive as the rl(;ii.ir nitirine 'tnid' cir marine clat ' : Moj,'- 
.E^ridife fotind a similar ciandition in the .''wan-ea excavation'. 
Rohhunuis or Trockentt.irf. 'O fatiiihar in our forest', c'row' on Icare 
rock : even .granite mtiy lie the floor. 

Davis'- 'aw " climbin.g bogs" in northern Michigan, wlv’ch liai 
grown on .'inooth glacier polished granite. Cine, on an i'Olaied, ri.i'ik 
hill, showed Spl’uiainiu: in spots, evidently thrifty ami making ,a .goc'd 
growth, blit most of the 'Uriace was covercl with reindeer liche-i, 
both, in the 0[)en and under trees and 'hruh'. The [ieat\- cos'er i- 
thin and fibroti', with little moisture, hut thi' 'U[iport' tlie U'lr 1 
treC' ami ;hru1i', conifer- with white liirch tind mottntain a-li a- well 
tis some heath', A 'ni:i]l i-latifi, with rounded gl.-ici.ile'l 'r.rf,-,ce a.ml 
cnihrticin.g about 3 acres, ri-e- about 30 feel aliove TmbXlmg lak'.c 
'I he [icat coverin.g it is u-ually thin, about fine friot but n'cca-ionallv 
reachin.g 3 feet. It is coar.-e. sjion.gy and brriwn, conta’ii' tree 
trunk', not thorou.ghly rotted, along with ahiunlant jiartiallv de- 
cayed roots and stems of jilant-. \Mien tlii- loc.-dite w.'ic exaniine'l, 
the [leat wa- so dry as tn burn. The flora con-i-t' of the ci.mifer- 

C. Da\i', "Peat," 1907, [iii 20,4-^00 
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hcaih 'iiciLix. All iiidiciition of the mode in which jieat formation 
neitaii was uL.-^erved. on the north .-id.e of this island, where some 
'jMCt' of (itherwi'c hare rock were covered with a mat of Sphagiiiiin 
with Ollier mo--e'- and lichens. As soon a', these form their de- 
jin-it, Ollier plant' oliiain foothold and thenceforward accumulation 
oi jieai i' cominuoii'., if atmospheric conditions remain favorable. 

1 he eiidwth 111 peat in a reition where rain, at times, is w’antinpf for 
Week' and where the 'oil i' a coat'C jieat. only an inch or two deep 
and re'Une; on a 'inoolh rock, is due to condensation of atmosjiheric 
moi-ture in foil'. The plant society of this high, dry peat bed is 
vei'}- clo.'ely allied to that which characterizes the older and more 
mature portion' of peat beds with a rock substratum — a confirma- 
tion of the belief that both are xerophytic habitats. 

Lhevalier's ' observations in the Niger area, between 5' and 9^ 
X.I... show that in that region, at Joo to 400 meters above sea-level, 
a >edge grows Iti.xuriantly on the hare granite and gneiss, where it 
attaches itself so firmlv as to resist the winds and the tro]iical rains. 
There, in hundreds of '([uare miles within French \A'e't Africa, this 
scdge-growth has caused an accumulation of peat, 5 to ,'^0 cen- 
timeters thick. The conditions arc wliolly unfavorable to increase 
of peat, a? there is a dry season, during which the plants wither and 
the los' is accentuated by fires; yet the surface ir covered with a 
fibrous material, described as very humic. 

C)rd.inarilv, however, some organic film is necessary, if the 
growth is to he rapid. As already statcil. those engaged in the peat 
industrv learned long ago that, if I'cat lie removed whollv so as to 
lav hare the nnderclav. regeneration of the hog is very slow; but if 
a thin ciivcr of jieat he left on the iloor. it is more rapid. The 
]i;i":;ge froiii the floor to clean peat may he gradual or abrupt. If 
the ;iccuimilation ho in a pond, the transition may he marked by a 
fati.x-mur. 'liowing lamina’ of sand, clay or marl and peat, or it 
inav coii'ist more nr les' of the Iwhertorf or Sapropel mud. In 
other tvpes of dcim-its thi' fatix-tmir may consist of alternating 
]ieat and silt or sand, evidence of repeated flooding before the peat- 
forming plants gained the mastery. At times the passage is abrupt. 

I'' Chev.ilier, " Lcs tourliiercs de rocher <le I’.Lfriiiue tropicale,” 
roiii/’/iW Kcisdns. k'ol 140. nioy, pp l.tg-i.tU. 
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'll often n[i'er\'eil iu jiLiiii ileoo'it'. 1 be | c.n, il'X: • . oi ;!' 

nmr fur a new depii'il. a' where die- ihwr.ie; 'O lla in. 'oi' 'ii:'.:!'' 
in\;te'e in\a>!on Iw a lore'i etrowth., in i>e ne't-.n io ^ 

naii'tnre- and reuirn of one;' condnunii' 

A \e'r\ nnlalile- feature of the lour i- tin a' ai' .d..- . i ,n 
place' of rnnl' ;i’nd runted ^lUInp'. 1 lU' h Oier. n 'i-ee i ,.! 
part' of the world, and the iii'tance' .Lfe "i nnn.aron' il ..t no';. .. 
few' need he cited .i' illu'iraiinn'. dan 't..te' tir.t the n.in'i- 
dewerihed ii>' hint CO\er tionui ' i.C'Chj acre' 1 h.e Inwe'l 1 nf t',. 
peat Con^i^t^ Very iarttely of decttyed. whim!, nunefled. wnh entne 
'ukick etirth and occa'tontd ounche.' of healh.er. oeiter liete'.noedi th.-cn. 
tho.'C now growing' on the iurface- eu' the hog. Inmnn.erah'e tree 
tnuikir are at the bottom, lying ;ilnng>ide of their .'tump', which., 
like the heath htimile^. arc ^till rixetl in the clay. A con'iderahle 
portion of the mo.'S has been reclaimed l.iy drc'iinage ami liy complete 
removtd of the peat. The trees at the liottoni are otik. birch, htizel, 
alder, willow and. in one pkice, a few' hr,'. In one cletirnig. 40 
large oak trunks w'cre found l>ing Iw their rooted 'tump', ddie-'c 
stunlp^, rooted in the clay, ri^e about 3 feet and are 'O little 
chtmged thtit they can be removed only with difficulty, hlut the 
stumps of other trees are ^o badly decat'ed thtit bttle can lie 'tiid 
about them excejrt thtit they tire rooted in the nnderclay .Viion’ 
has remtirkcd that the >tiggestion thtit peat depo>its origin iied. in 
forest' is tibtindantly .'Upported by the verv frepueiu riccnrrencc 
of tree.' or roots in the nnderclay. He never htid examined a niO'' 
of tiny great extent without hmling on it' border' and where the 
peat had been removed “roots of tree.' 'till in the grcnind w'lth their 
fangs extended as they grew." Along the river .\ven. mot.' nf 
are found under every mO" “with their 'hoots tirmlv clti'p^il mio 
the earth, where they grew.” Geikie’"- says that in nitint' .nn"e', 
the tree stumps are of appmoximately uniform height and that the 

C. Tait. " Peat-lNIosses of Kincardine.’' etc, pj. aaS, ano, j-p j-j 

A'. Alton, "A Treatise on t'ae Origin, Qualities am! rultivatlon nf 
Moss-Earth,” Glas.gow. 1805. pp. 29. 33. 

1"SJ, Geikie, "On the Buried Forests and Peat-Mn.S'c.s nf .scntlami " 
Trans. Roy. Soc Edinh., Vol. XXI\'., 1807, pp 379. 3,^1 
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ihc which it ha^ killed. A niO'S on the Isle 

II’ .\!..n -liiiW' larei. tree', erect in place, with 20 feel of peat over 
llleil! 

In iX.V- ih.e ufticei’' (if the < inlnance Survev'"' reported ihtit the 
!ii\\i.'t !,i\ir (if lir oai- iwerlii.' tn 5 feet of turf : hut not so with 
the l'ei^'. ,1' ilw-ir 'tunip' tire coniinonly found re-tin”' on the 
era\(! nr mi -nitdl Inllock- of ”rtivel and -tind, which so often stud 
l!’'(. -uriaci.' lit line-. 

lAti'k- ' ha- -hown that a, rtiihvay cutliti”' through Glazebrook ntoss 
e.\;i -ed iS ftei of peal C( inttiiiiiii”’. in a thickness ol 3 to 4 feet 
ne.ir the iia.-e. reniain- of trees and hranches embedded in the peat. 
W hen the peat hti- been removed, one sees the oak and birch stools 
-.'I lilted in the underclay. A fine overturned tree with roots at- 
tticl’.ed was e.xpo-ed. It was 46 feet long and 3 feet in diameter 
ju't abi.ive the rout. 

Skertchly's'-"' oliservations are equally to the point. In describ- 
ing conditions in the Fenland counties of England, he says that 
trees are to be found in the peat everywhere, but that Digby and 
Bourn for the north and near Ely for the south are the most con- 
venient localities for study. At the-e places, the trees rooted in situ 
are mostly oaks and are often of gigantic size : in not a few in- 
stances. the stems are 70 to So feet long and clear to the branch, 
di'tinct evidence of forest growth. In one moor he examined an 
overturned tree, which was 3O feet long with maximum diameter 
(if 30 incite-. Hark was i>reserved on the underside of the tree, but 
wa- carbonized and it crumbled into ctiboidal fragments. In 
another fen, oaks are numerous and all are broken off at 2 to 3 feet 
from the ground, that is at the top of the peat. Some birches were 
here but unlv the bark remain-; a few elms also, which were 

' ' " ( tnlnance" Survey and Repurt of the County of Londonderry,” cited 
by R. C. Taylor, " Stati-tic- of Coal.” 2d ed.. 1855, p. 169. 

'■ It i- a very remarkable fact, though very common, that successive layers 
of 'tuni[i- and tree-, in tlie erect positiivn and furnished with all their roots, 
are found at di-tinctly different levels and at a small vertical distance from 
each ntlior " 

no T. M. Rcadc. "On a Section through Glazebrook XIoss. Lancashire." 
Oiuir; J.uiri: C.m/. Soc.. \'o1. .14, 187S. pp. 808. 810 

' ■ S. 11 1 . Skertclily. " (leolou.v of the Fenland," pp. 158-162, 167, 
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ri.n;-.. ;.rc ,\"Ciciatc.l wiili ihc ]>n_wtraic 

l.-'I'li:"' C.lC' r>C;pairc ] cTc T- ' the elteJt t.’at /ei^ '...'.a . ’LreL- 
la ''tc'i HI tile I aevr irci,uct’i;\ in the peat hi .•'ar.-'ir.a the 

C' itihiiia. n- with.!!! tin area, u: '.jrare iv'e- ni ! 1 ■ '".la' !.■ re 

one hiihi- there e'lie er m.ire petit heii- e'Oere'l '\!th. ti ofe.ite" 
e-r ’.e^^ thie'knc?^ itf 'ctinicn: ; tlte-e are ana eh.th' la >•.> ai’h. ea >'.-.:ti:'i 
-LC-tn' ' f tree-' rri't'teil in the eiibs' hi lie ha- de'Criheh; ti ih th 're-: 
near Foe'hteli:i-. in the ttretit HiichniOdr of Sniilik. linlLiiiii I'nr- 
nierly. one ^tl\v there "iily tt nitirehy hetah : hut the 'un'tieC wti' low erei! 
by drainage anil by e'ultivatir'n ef bue'kwheat, .'O th.at the ih irc't 
beeante visible. The trees are r.ake with e.-ime a'pens. Th.c greater 
prepijrtion of them have been brt'ken ijtf near the surfae'e. pri.hiably 
after death, and. the stems lie imually in a seaitlnve't tri n rtlieti-t 
direction. Tlm-e examined by Lerie tippetircal tti be runted in the 
peat but very near the bottom; but his gaiide maintained that ah. the 
fully exposed 5 tump= -een by hitn were r'-..;ted in the subschl. 

Sections published in wcirk' on the Scandinavian swamps -la iw 
the freiiuency of tree-- in the lawer rart c,f peat depo-it'. runted, in 
the underclata b'c.n Id 't'"' has publi^b.ed a iihoti'igraph nf the fi rc't 
bed in the Tanisjonioor. which had Iteen exjio.sed by rem.neal nf the 
peat. 

Putnnie’"' has di'cussed a great moor near .‘^ledo, it Inch i- ac- 
cC'^ible in drv ecar'. At one locality he .-aw. underlying n.ny meter 
of sedge-peat, on which is one meter of -]ih;ignum-peat. a fnn -t 

1'"'}. Lone. .irch. Mus. Tcyler, II, \’ol. Ill, iSyo, gp, 4a4-4J7 : I[ , \’i,! 
IV., 1893. p. 183. 

1 "' L. A'oii Post. " Die Torfmoore Xarkes,” C. R. Xllmc Cm::/ Cr.’I. hit., 
Stockholm. 191a, pp 1282. 1283. 

nn H. Potonie, ‘'Uehcr Aiitochthonie von Karliotikolilcn-Fli an n,” etc. 
Jalirb. d. k. prenss. i/rnl. Landesaiist, 1895, pp 25, 29 : ’•Die Ent.-tehuiut her 
Stemkohle,” Xaturiv -Wocliensclir., II., Bd. I\' . 1905. pp. 7-9. 
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I'lS., wliic';' i' t'l'lcil with nian_\ and ^mall remain-; nf fir-;, yews, 

.■ak'. lii'ViK' am! a'.'ler' I'he >len'- are nin~ily jiriwtraie hut with 
t'.w.". are n'.an\ --inni]!- laf fir and leik muted in the bed. The 'ante 
atuiinr. in a !at<.r im!)licat!nn. a-^ert- that a Hoehnioor may originate 

a bed nf 'andi if only there be sufficient moisture. To prove his 
p'l'-.t'.on. he give' a re])!'' -duction of a photo.graph showing the fii'K'ir 
of an e-Xteiisive Hochmoor, which expanded by encroachment upon a 
fore-t growing on sand. Tlie vertical stumps are exposed where the 
’leat was renioved. . 

The conditicin is fantihar in the L'nited States; G. H. Cook. X. S. 
Shaler. C. Davis, D. \\’. Johnson and others have cni'idereil the 
subject in detail. Davis has described conditions in the I'ocosons 
or swamps on the coastal plain in Xorth Carolina. But there are 
many peat deposits which did not originate on forested areas ; those 
have no trees roatetl in the soil below. There are others beginning- 
in open area but expanding by transgres>ion into a forested area ; 
these have the rooted trees in one portion but not in the ether. 

It is unnecessary to cite evidence that the peat itself may be a soil 
for growth of non-water-loving trees. In every land, the peat de- 
posits show successive forest beds, the trees being rooted in the 
peat and not penetrating to the underclay or subsoil. Xumerous 
instances have been noted in preceding pages. But it is well to 
emph.asize the fact that the opinion that plants have repugnance to 
thru'ting their roots tlown into peat and that trees do not grow on 
peat, living or dead, is wholly erroneou'. Plants disliking an acid 
soil certainly do not thrive on peat; but there are plant? for which 
an acid sr.il is essential. Among these are ?oiue of the largest trees 
of America. That they have grown luxuriantly is certain, for in 
manv of the exten-ivc peat dep- 'its in this country, the peat is coni- 
merci;dlv worthlc" because it i? -o crowded with stumps and stems. 
In manv vast 'Wamps of the coa'tal plain, a sounding rod cannot be 
ihru't t(-> the bottL>m and a similar condition has been reported from 
manv places in the interior. 

The Roof or Toit . — The roof of a buried peat bog may be as 
varialile as the finor. It may he sand, clay or marl, freshwater or 
marine: the transition may lie gradual, a faux-toit consisting of 
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Il'c c "'j.LLrui, i)c c\l 1»\ Liic \\ r. ,>■ .i:! 

I lifI' 'W n- i'-' i!. Li'c Kir^cr nunilicr ni ihc iru.-' \\ i'l rci.."'. ;;\-i 
"T lit •-V-ij-;: l>;i\i~-' ' :ui' "i\cn an il’in-tratX e aa-i. Ik ki- 

n^iirc'i a 'taia'.in;^’ ircc trunk ~ccn near Man;ucttc. Miaaka-'. T'ae 
rutcr ilunc tit t’lttit ]>kicc Iia'l been cut by a -t' emi ;i ik I'.i' 

bef'Te i’l' vikt. Tue wave- banl unkercut the baitk iinF. ;1 k 
htlil ^'.i|'J'eFl iitY. letivini^ a vertictil face. Xetir ll'e !i;i-e '.'.a' a '.aiir 
'.'I peat, C'tie f"‘at thick, tillei! with nncb.ans^ck nf -iiru.b' .nii’. 

Xorwtiy pine. A partly decayed trunk of pine, rooted ni the petit. it> 
rootf not extending bobow it, rises 8 feet through the c.verlttng 'an'l. 
That the accumulatinn renting on the peat wa- not due to ti 'laiden 
overwhelming is clear, tor at 2 feet ah:ve the peat i' a laser of 
Norway pine needles, while from that to the surface, are irrcgultir 
layers of sand with roots of trees, grasses and leaves of pine. The 
accumulation was slow enemgh to permit vegetable gnawth at -everal 
levels, but the stem did not break away, thmigh the climate is moi-t. 
It is possible for trees to remain alive for a long time after a th.ick 
cover of porous material has been laid on the surtact. hleinitz.-- 
has described a forest of great oaks and beeches, growing on a iieF. f 
peat and covered in part by a dune On the surface of the aih-ancing 
dune, one sees, as it were, thick-stemmed oak and Ijcech -linilis: Imt 
these are merely the upper portions cT trees, still living, bin ni great 
part buried in the loose sand. At INIorschwyl in Switzerland, where 
the overlying deposit is fine-grained, stems 6 feet high proiect irr.ni 
the peat into the marl above. Berry has described the bnricl b^ig 
on the Chesapeake waters, where the cypress knees jia-..; inin ilie 
overlying deposit. Seventy years ago. Lesquercii.x found kaves in 
the marl overlying peat and the partings of Schieferkohk’ have [ilaiit 
impressions. These leaves are transported material. 

At several localities to which reference has been made, one hink 

1 "'’ C. Davis, *■ Peat,” 1907. p. 253. 

11 '^' F. E. Geinitz. " Xach der Sturmflut,” .-lus dcr Xafur. \'ol, IX,. 11,08 
pp. 76-83. 
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a "'1 ,11 nf I'cat licaU. 'cpiiratcd liy clav. 'and iDr marl, while 

pea! !' 1, an'iiie mi the ])re'en! 'tirfae'e. Snine of thc'e bed.' 'how 
tree-' •'mite,! in the nnilerlying material. 

S'’ils oj i I'lict'Jthiii. — The ruck' intervening between peat hiari- 
z, '11' ' icca'iiina!!}' 'la at what may he termed ' dl? of vegetation, on 
which j'lani' grew Imi ii.i j'eat accumulated. Thnni'on'"^ 'tate? that 
in making excavaii'iu fur a naval duck in llermuda. this; >uccL-ssion 
wai' f 'iiml, beginning at ^5 feet below the surface: i i ) Calcareous 
mud. 5 feel : ( g ) cor;d cru't. 20 feet .(31a kind of peat and vege- 
talile '''il. centaining 'tump' cif cellar' in vertical position and the 
renmani' eif other laml vegetation with remtiin' of Helix bcniiiidi- 
ciis’s and of several birtls. 

This old soil of vegetation rests on the usual "base rock" of 
the island'. Buried 'oils of vegetation have been noticed by all 
'tudeiit^ who have visited the Bermudas. They are distinct at several 
places alC'iig the south sheue where, in 1895, the dead cedar forest 
with trunks still erect protruded through the teolian beds, which 
in many spots were already covered with a dense growth of oleander 
and young cedar'. Xo peat is found in the Bermudas except in 
■■ sinkholes " and estuaries ; the porous rock permits rainwater to pass 
down ([uickly to tide level .so that neither spring nor stream exists 
on the islands ; but one finds buried soils with Helix and plant 
remains at various levels in the ” sandstone" as the slightly consoli- 
datetl tC'.'lian rock is termed. 

I lilga.i'd”- saw, near Pi>rt Hudson on the Mississippi, brown muck 
■ ivcr!_\ing white or blue ckay and underlying 93 feet of later deposits. 
Tlii' muck, 3 to 4 feet thick, contains cypress stumps, representing 
tiirce. perhaps four generati'.ns. The stumps are rooted in the tough, 
somewhat sandv underclay. A similar deposit was seen at many 
places txithin lower Louisi;ina and usually several generations of 
cv])rc'S trees are shown. At one locality, huge stiunjjs, 5 to 8 feet 
high, have their roots burieil in a stratum of brown clay; the tops of 

U. \V. Thomson. "The Atlantic,” 187S. Vol I., pp. 297, 298. 

os K, 39 Ihlgard. "On the Ocology of Lower Louisiana and the Salt 
Deposit on Petite -\iise Island.” Smithson. Coiitrib.. Xo, 248, 1872, pp, 5, 6, 
7. g. II. 2(1. 
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the -ti'.mps arc 'ttrr. .un.k.i Ii_\ -.i'l’i'.ir cl.a lutt th.c T'.’r'.V p'-rti at 
cin'c'j I'.j,,! ii' _\c!hci\ ^li; A rc.'ih'li h a'’- t’ci. '''.iic' '.'’.''.■.-'iihcin 

mtkcria! a > the 'itrface A: ah.aii ;i nttle hX 'v\ :!;c i'l'rt lltai'. 

locality. ;l key '•it v\ li-' ^een. leel ah'Oe t.ie ''t’"t'y ■ei/i it iiirl 
re'erahliiiy a river .-..ira'har hi.t'i m 'trr.cttve- ark- e^intint' I'liere. 
line tin-l' n- ■ -.tnn'p' hnt tihimi'iance of l.irye o.-'.ftei' -teiii' he'.i ^ 
to 'e\erai 'peC'-eS ail'i ^-''ite' Ilf tlte'n ei'ect ! -X'e --i''t. a~ ! h-lyai'il 
ue-'Crihe^ them, can he ti • ■ 'titer ih.an " -ntiy-." wh.i'-’i are e\en n c. 

t' III’.' ncr* 'It'' ('ll ''liii'i tai’'' iia’IIi^' tiic ri\tr ~ '’’a'-aiii o ’iiiI'Il. \t 
many iilacc' one hn.X h\my c.pre" iTp- , .n the newer k.ej i- 
llie ileep oil ,\ ell' ■ i tne lelttn ;icC''"hny t' ■ ll.irri'.' ha\e 
proveil that there are ntany muck hci!' m t'le Keceii: ilepo'it' "f the 
delta region. 

-V 'Oction ■I'ca-^urc'! h\ y.len'o'‘‘ in tile iin-prculiicin.e: area of 
Ci.iniwtill ill' \ve feature' not unlike lit' 'c oh'erveil In llil.yard near 
PeTt HuiPon; tlie .'Ucce"ion i' i i ' Hed. of river .'and and. gravel. 20 
feet: 121 jand. ccintainirg tree trunk' Iving in all iliree'tionf and 
me'i^tly I'laks. with hone- r f vari.-'U' mamma!?, red deer and whale?, 
20 feet: 131 'lit c-r claw 2 feet: 14' ^and with marine jhell?. enn- 
taiti? 'alt. 4 incite? : 1 5 i .'liulge or .iilt. contain' recent ,'hell' and bonC'^ 
ojf mammal'. 10 feet: dark 'ilt mixed with decc.impo?ed organic 

matter, ah'tut 12 inches, on which, is a layer of leaves, hazel nuts, 
sticks and moss. 6 to 12 inches, this mas? is apparently in place of 
growth am! extends with some interruption' acro'? the valle}' : (71 
tin, ground, thicknes' varying acccirding to irregularities of the nndicr- 
lying ri'ick 'Urface Rcot.s of trees are seen in this "ground” and 
on top of it oyster shells still remain fastened to <ome of the larger 
'tcine? and to stumps of trees. The roots of oaks are in their normal 
po'ition and can be traced to their smallest filler?, even a' deep a? 
2 feet. 

Here one ha' the soil of vegetation with its trees wliile, allot c it, 
are layers containing drifted logs and other? of di?tinctlv nitu-nie 
origin. It is worth noting that, at Sandycock in the 'ame i!i't: ict, 

G. D. Harri?, Gcol. Surv. of Louisiana, Rep. for ir.Ki?, pp 2w, 240 
”‘J. \\'. Colenso, "Description of Ilappy-L'nion Tin Stream-work at 
Pentuan,” Trans. R. Gcol. Soc. Cornicall, Vol. I\'., 1832, pp 29-39 
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Ra'-'nXi^h'-'’ luunil 4 feet of peat in the upper [)art of the section, 
while the inere’._\ \ eyetahle 'oil of CLilenso's section is "solid 
black fen." 

ri'ie pre'cnce of tree', unas-ociated with peat has been regarded 
li\ '.'ire a' evidence of allochthonous origin, as reforestation of an 
area alter eutoininnent of ih.e pea: seemed improbable. Hut reiore^- 
taii‘ n i' conipar;iti\ el_v rapid on a new surface, provided only that 
there be inoi..uire. During the great Missouri River flood of 1903.“'’ 
tile water, iii\erteil fn.m the channel by obstructions piled against a 
railroad bridge. 'Wept over a wide area. Crops were ruined and a 
nur'ery riebl, near Topeka. Kansas, was covered with sand, wdiich 
buried! the }oung trees. Hut within three months, the naked fields 
w ere green with young cottonwoods, growing from seed blown in 
after subsirlence of the flood waters. Even dunes, consisting of loose 
sand, become covered with vegetation and eventually with forest. 

Reforestation is rapid even amid untoward conditions. Seventy- 
five years ago, the White Mountains of Xew Hampshire were cov- 
ered with a dense fore.st. mostly spruce. Lumbermen denuded a very 
great part of the surface and their labors were supplemented by 
fore-t fires, which destroyed trees elsewhere. Where the soil was 
Inirned ott, so as to be washed away and to expose the glaciated sur- 
face, nothing grew ; but elsewhere the restoration was rapid. Plants 
of various types took prompt possession and prevented erosion. They 
were succeeded by birch and cherry, in whose shade the conifers 
grew. On the neglected farms of that region, one finds all stages 
of restoration, from pasture lots invaded by sturdy weeds to the 
forest of fir^ and spruces, which have overcome the birches. The 
conditions are similar in Ontario, as IMiller and Knight”' have 
shown. Their statement respecting one area is: 

" Yenrs ago. the area was visited by heavy fires which destroyed all hut 
a few' of the pine trees that were numerous and made the area important for 
its timber. On the part of the lake referred to. a few red pines and one or 

P. Rashleigh, " An Account of the Alluvial Depositions at Sandry- 
cock." Trans. R. Gcal. Sac. CornzaaH. Vol. II.. iSj’, p. 282. 

”'1 PI c. Fraiikeiifield. “The Floods of the Spring of 1903 in the Missis- 
sippi Water.shed." Lull M. U. S. Weather Bureau, 1904, p. 62. 

'u \V. U. Ilbller and C W. Knight. " Pre-Camhrian Geology of South- 
ea-tern Ontario," Toronto, 1914 P- 18. 
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t\\o \slut?.' nr.i.'' iFc 'Tv Avl 'Atrc !t:i a- 'tL'i i’a\c 

■'ii'.oc 'arnwii i:|i ar*! I'av a. *•! --r "'xr;. Ut.: n'’ ''V^rc F.ack 

ir^in t!’c .'la-rc, F.^. 'i; t'.c. aiF • i Vv |">;ilars. 

tl'.cfc 1-'' I'l'U a l'rLi:\ 'ar-'W!,;’ hI \ iiiaa p-iic t-'iir "r i.'.i, ii.it i'cmb-t’' 

In a letter. W. t 1, Miller >ia:e-- that tlte lit. ^ n > i.ui'nn.r ni ' .n!> 
pLirti' 'It- . •! 1 Mitari' ■ 

Ren'k .-trean'.- ;na> 'till be r-een at !i'.any place' In. tl'.e .VllLpla::} 
:'i’e r.iua;r.' tiiM m il-.eir path the ikirc't has been re'i ■ teii. I’.nt l\l:i 
tlie'c ceeir'e llreccia^ bce'CTiie e''%eTei!. Ap'Ueu’’' '.i\ ' tin*.:, when; he 
retnrn.e'i iw' canal fri'iii Harri'br.rc; t" we-'iern I'enr'} h. aiiai. h.e '-'i- 
-ernek: L up: ^tretche^ ef snene-c- ivered nautain 'n'.e 'uire ■ I till 
t’epeta.ti'jn fr; base tia 't’.n’.mit. tlie .'I I'e varyinp iri'-n a; a.' 40 
'.legrec'. Ill later nears, e'ccniiip t'S I larri'lif.r.p tn; ^il . 'T. '.lie Stipi'etiie 
bench, he c.aihi hnel ne'iie eif the nakenl ^•pace' The reeky ^nrIace 
htiil become ccivereu with trees, the few remaining bare ^pace,' beitig 
merely ilots in the forest. The writer may add his testimony toi the 
?anie ertect K^ck streams are noit wanting m.nw in the .\llegheny 
INb'Untains but tliey are imt tlio^e. which were striking features in the 
scenery forty years ago> ; they are <:>f later ..'.rigin. 

Forest growth may ap'pear quickly after an area has emerge'! 
from marine conditions. One finds dense forests and great peat 
deposits directly on Post-Pliocene marine beds at many places aknng 
the .-\tlantic coastal plain of the United States. Darwin'-- ' saw on 
the island of Chiloe a bed of marine shells, the species being I'cnus 
costcUata and Ostrea cditlis. both now living in the adjacent bays. 
These -were closely packed, embedded in and covered by a verv 
black, damp, peaty mould. 2 to 3 feet thick, out of which a great 
forest of trees was growing. 

It has been shown that forests on plains or even on rolling sur- 
faces may bring about formation of peat deposits, but this does not 
occur always. Trees growing on peat have been entombed, other' 
not associated with ])cat have met similar fate. Kiver dcpii'it' have 
overspread extemive area> of forest, so that one find' in the mck 

D. -\,gne\v, " Xature’s Reforesting,” /'me. .Uner Phil S->c . fol 
XYIIL, 1878, pp. 26, 27, 

lu’ C. Darwin, "Geological Observations in Suuth .hmenca,'’ London, 
1846, p, 28. 



>TI-:\ KXSUX— IXTERRELATIOXS OF THE FOSSIL FUELS, 87 


<ci peat Ijeil-, tree> .'instb' or ^rouped, growing from an 
ancient -dil with Imt 'iiiall accunuilaiitni of offal about the stems. 

1 he Imried lore'i-- of ( Iregnn and Alaska, described by Xewberry 
and Ru'Sel!. are typical. .Medlicott's^-" resume of Orniiston's ob- 
'ervatiun^ ma}- be noticed in this connection, as they show how a 
^ore^t. growing in an old ?oil of vegetation, may be ^ucceeded by a 
marine deposit, while the stems remain erect. Excavation-; for a 
gi ivernment dock were made on Bombay island off" the west coast 
(jf India. In a space of about 30 acres. 382 trees and stumps were 
uncovered, of which 223 were erect. Some of the prostrate stems 
were w ithout roots but others had been overthrown in place, for 
the roots were still embedded in the soil. The stumps are rooted 
in a thin soil of decomposed basalt and are surrounded by a stiff 
blue clay on which rests black marine mud. 4 to 5 feet thick. 
Stumps projecting above the clay into the black mud have been 
drilled by Teredo: in some cases the holes pass downward through 
the trunk toward the root and are filled with indurated clay. The 
trees are Acacia catccliit: how far the forest extended is unknown, 
as no investigation was made beyond the limits of the excavation. 

The opinion, that stems of trees would not endure while a con- 
siderable thickness of rock accumulates, is based on very serious 
misapprehension of the facts or on a priori reasoning. The writer 
has seen slender canes standing erect near the mouth of the iMissis- 
'ippi River, though the}- had been dead long enough to permit 
depO'Uion of several feet of fine silt around them. A'eed'^^ has 
-how It that the Yellowstone Park diatom deposits cover many 
siiuare mile-. A typical marsh is in the Upper Geyser basin, where 
the w aters encroached upon the timber and killed the pines, whose 
b:ire gray -tents stand upright in the marsh or lie half immersed in 
the ooze The diatoniaceous earth is sometimes 6 feet thick and the 
•• gamtt poles of the ilead pines stand in a white powdery soil, which 
is evidcntlv a dried portion of the marsh mud. 

V" G. E. Orniiston, cited l>y H. ff. Mcdlicott, Records Geol. Surv. of 
India, Vol. XIV„ 1881. pp. 320 - 3 ^ 3 - 

i-;; W H. Weed. '■ Diatom Marshes and Diatom Beds of the Yellowstone 
Xational Park," Bot. Gac.. \'ol. IX., 1908, pp. 70-83. 
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W’riyhi'-'- ha- ik'-arl’iL'il ihc Furicil !u,-r ib.c Ma.'.r 

ill Ala-ka. Th!> wa^ ikcph liurici! ir.i.kr ur.'.sck. lair v'.lroh ll c 
ice exteink'd at a k^ter jierioil. 1 he ice lalia.iUil ..a.' icia'in:! 'ice.;::, 
which eveiituallv unco\ereil tlie lore'i. dhe t;\t~ ..le ni lirei. 'i/e, 
nio>tly like thO'c now yniuniie '>n the Al."k..;; iruuM,/’'' ./i,! ...re ri 
a 'tate of C('>iiiplete pre>ervatii>n. Th,e>e are -t.e.iilir.e I'-pnelr in the 
soil on which they s'rew, with the huntU' 'I'll then' rn.c, > 

Some are exposetl throughout while oth.er' are 'li.iwu le/.k ;;; 

Many are broken ott at from 5 to 1 feet ti-MiVe the rmit'; \\ nelu 
thinki thi> fracturing,' due to cakes of ice. tliat heine indica.ted k\ 
scars on the trunks Ru>/eH,'-' writiut;' aheiut a poriinn of Al. i 
farther west, state-' that the Yahtse River, i-'iiintr :t' a- -wifi cur- 
rent front beneath a glacier, has invaded a forest at tlte ea-: ami ha' 
surrounded the tree' with sand and, grave! to a dicpth iif iraii}' feet 
Settle of the dead trunks, 'till retaining their brandies, jiroject ahove 
the nia'S, but ntost of them have Iteen broken off and buried in the 
deposit. Other streams east from the Yahtse have invaded f')re^ts, 
as is indicated by dead trees standing along their borders. AVhere 
the deposit is deepest, the trees have alreadiy disappeared and tlte 
forest has been replaceil with sand flats. The decaying trunks are 
broken off by the wind and the stems are buried in proo.rate iti.isiiion. 
Xorden'kiold.’-^ in iliscu"ing the distributitin c.f tree' in tlte 'S'er.e'e- 
region says : 


■■ Besides these there are to be found in tlic most recent layer of the 
Yenesei tundra, considerably north of the present limit of actual trce•^, lar/e 
trees with their roots fast in th.e soil, whicli show that th.e limit of trees in 
the Yenesei region, even during our own geological period, went farther 
north than now. perhaps as far as. in conser4uence of favorable local circum- 
stances, it noiv goes on the Lena ” 

Resistance to Erosion . — The opinion, that trees wriubl lie lui- 
rooted and carried away bv the 'troug current of a llo 1!. i' i;, g well- 
supported as a generalization. The instance' citedi from Ru"ei! and. 
bVright would seem to suffice in refutation aiifi the wriier ha- di'- 

1-- G. F. A'right, "Ice A.ge in X’orth America," iS.Xi^, pji 
1- A. C. Russell. '■ Second Expedition to Mount St Elia'.” 'J hirteeiuh Ann 
Rep U. S. Geol Surv , 1893. Pt I., p. 14, PI. XII 

'-‘A. E. Xordenskiold, “The Yoyage of the W-ya,” p. ah-. 
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tile niatlL-r 'i 'iiK-w Iiai in ik-iail eUew here.'-’’ But it may not 
he am.i>> t.i cite s'line adiiit;. nal e\ idence .'bowing that floods and 
terreiit^ are aliim.-^t poixerlc" against living vegetation. In the 
'lar.mer of iSoy, the writer marooned dmring three flats by a 
fl'" li oil I'le l.iule \\ ichita Iviver of northern Texas. The flood was 
w idie'iiretid, affecting aUci the area of the Brazos River. It came 
tihruptly, 'O th.at in ;i >ingle night, the petty streams, fli.iwing at 30 to 
40 feet iielow the general level, filled their little valleys and over- 
fli iwc' 1 : the ptirchefl area of the preceding day was covered with water 
na .re titan hub-deep in manv place'. The current was extremely 
rtipid : by nii'iakc of the guide, the party were caught in it on one 
'tream and narrowly escaped being swept away with the horses and 
the heavy conveyance. \\'ithin 4 miles of the city of Archer, the 
flood had invaded an extensive area, covered with trees and shrubs. 
Rapid outsiile. the nicvenient wa< insignificant within this wooded 
area, the trees and shrubs, though not dense, being as efficient in 
cliecking the motion and in breaking up the current as is debris in a 
mountain forest. After cessation of rain, the flood subsided almost 
as c[uickly as it had risen. A ride of 60 miles over the area affected 
bv it gave ample opportunity for studying the effect. The roads and 
sandy places were gashetl and gullied : cultivated fields in the line of 
the torrents, one eighth to half a mile wide, were swept clean of the 
thin cover of soil, but where the surface was protected by grass the 
dc'truction was unimportant. Trees and shrubs, except those stand- 
ing ciU loose material, were uninjured, while in extensive clumps of 
bushes there was no evidence of disturbance, aside from an accumu- 
lation of debris, deposited where the current first reached the plant- 
obstruction. The fierce current was powerless against trees, even 
against the clumps of bushes. 

Readc.’-" writing of floods on the Senegal and Gambia Rivers, 
says ; 

'■ If a boat was to be moored in the rivers to the top of an acacia tree 
just projecting above the water, you would find it afterward in the dry sea- 
son hanging forty feet above your head.’ 

i-”' See " Formation of Coal Beds, II.,” Proc. A)iicr. Phil. Soc., Vol. L., 
pp. 5CO-546. 

vsr. \V. \V. Reade, ” Savage Africa,” New York, 1864, p. 363. 
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After the^e vitileiu luue ;ili;Ue.!, r’r.c ^ceii 'praet:- 

call}' uninjured by their brief 'U.b-re''eenee din -eui.r-b' ii\ 
IIarri>^-' are in plae'e here. The llawa'i: l\i\er ri'^- u I'a \'i\ 
sinian hiyhiani's at S.ixht feet abu\ e 'ea-ie'vel. In tin- n. it 

can be forded easi'.y laat during th.e raiin 'ea- n it is 'fna e 'Uni ■■uE; 
into a tierce teirrent inundating' the In'oad \e.'.ie’. . w'.’-ei'. c ■, erci 
with trees and. I'.cnse undergrowtii, thr. lugli 'Aiticii :i’.e e\;.' rer ;'...ibe' 
way only witli great ddfticuity. W’iien il;e expedutiw: ayy.M.in.I 
this river, it was very evnknt tita: there luni been :i sL ■ ui, a- ” 
sive will ov- that dir.ooiiedi nirairn fully > 'Ver th.e t:r>ubieil eu.r- e'tt. 
were fe^t'■v.ned with recent drift, h.anging '"ant' feet j.!e.\e liie ’e\e’ 
of the abrupt banks." The conditie.n was very sintiiar t> > tit. it "h- 
served by the writer in going by steanilie'at front >an Tranci'C' t' - 
Sacramento, almost 50 years ago. He was perplexed by the presence 
o>f clumsy debris in branches ■: f trceo at ab. 'Ut 15 fc-et ab-'o'e tlie 
water. This marked the level of the flood^. 

The C'hio b'alley hoed of iMarch-April. 1913. was one oi the 
most disastrous recorded. The damage to the towns of southeastern 
(i'hio. as stated by Horton and Jackson, was almost 147.000,000 dol- 
lars. 36,000 buildings were flooded or destroyed and 220 bridges were 
carried away. The report is illustrated by 22 plates, slio'wing con- 
ditions during and after the flood in several large cities, whic’.i suf- 
fered most severely. These show that trees in the ^treets resisted 
not only the current but also the debris carried by the water : hou'C' 
and timber were piled arc>und the trees and even the telegraph poies. 
One of the photographs gives ample proof that this was no gentle 
backwater overflow bin a typically torrential movement. 

The tenacity with which trees resist removal by floi'uls is, trj use 
a moderate term, remarkable. For many years the writer has ridden 
annually for more than 200 miles along the Connecticut River in 
June and September. In many places, trees cover the face of first 
terrace, extending frequently to within 18 inchc' from the line of 
low water. The terrace or “ first bottom " is composed 1 of uncoiii- 

i-rW. C. Harris, “The Highlands of Ethiopia," .Tmcr. ed , Xew York, 
1844, pp. 94-96. 

1-5 A. H, Horton and H. J. Jackson, U. S. Geol Survey, Water Supply 
Paper, Xo. 334, 1913. 
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rner lirift. wiiicli where unprotected is attacked energeti- 
ca!l\ 1)\ I'.'.e cr.-. rer.t I'he tree' along the lower portion of the bank 
bate a'ni.i't huriKumal. a' ilie wet ground is little more than 

a f'H'i beb'W the ca illar. In very many cases the roots are exposed 
to ;i di-ta.nce > o' two t' i three feet from tlte trunk, the loose material 
originti'.U' .'■una 'milling them having been removed. Several of these 
tiax> b.ave been observed each year, during ten years the exposed 
portU'ii lla^ incrcaac-'l steadily, but the trees have continued to grow 
and a])jiarem'.> they are as solidly fixed as at first. 

Ihit in the 'auds under and over peat deposits as well as in rocks 
CLniten’]".'raneous with such de]'Osits. one finds logs, even tree stems 
with attacheil roots. Rivers undercut their banks, trees and plant 
debris fall inra the water and are transported. Some of this material 
is carried to the sea, there to decay, but some is dropped in shallows 
or stranded on the river plain during subsidence of the flood, to be 
covered by deposits brought by succeeding floods. 

Coiitcuiporaiicous Erosion . — Little rivulets are seen in the smaller 
bogs, but great swamps, in which peat is accumulating, are more or 
less imperfectly drained by rivers with sluggish flow. The streams 
are subject to floods, during which they bring down more or less 
organic material mingled with plant debris. iMuch of this is de- 
posited in the channelway and much of the rest is spread over the 
flooded portion of the swamp. Sometimes an obstruction dams the 
stream and diverts its course, leaving below the dam a stagnant pooh 
which in time becomes concealed by peat; but the story is revealed 
when a drainage canal is cut. for the half-filled channelway is shown 
bv a ■■ roll ” in the underclay. The drainage system is often distinct 
in a buried bog. Lorie's^"® observations in the peat region of Hol- 
land-Telgium prove that the channels of large rivers have been filled 
with sediment and that these are traceable easily when the records 
of borings have been platted. 

Banks of the intersecting streams are irregular, as plants spread 
out into the water, often becoming floating fringes. When the 
channelwav is filled gradually by deposit of inorganic matter, the 
fringes are not torn away but arc enveloped in approximately normal 

J^Wited in "Formation of Coal Beds, If..” Proc. Amer. Phil. Soc., Vol. 
L., pp. 617-619. 
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[i ' i'.c 'irir.p' "i pea; a. a a i.L'.a. 'i.ac ii', 

a i!rainaL;c caiia’. ! f, !;''.\e\er. ;ae n'''i!;a i'e a!i'"'.;'’ .aa. 1 
I!\L^-'a^ or Lie peat are rtlit teo^ 1 -n ;> * ne L’tl.'eLia'. Ill t e '.ai'L w a 1 e 
Cite aiijacer.t perti.'n "f t'oe 0,.^; i~ \e:’> Apt t- anaaa'a; la- 

foMiii- 

i lIc'I oltaniteN i>00t;r lacotteutle' Itl ;'''ak' a^'i eOatea, .ir A ‘A.- 
tcaiparaneaa:' witli t!;c peat ilcpaoit-. 'ii.c Al;"iia:'i .ai ! AiL'i-'p-p; 
Ritetx l:a\e ?;iiftc<! the chamteK at man;, placc' ai\ ’ c alianh-iaa 
" ox-h( ‘\\L " ill nnineroti,' iit'tat'.Cc' h.tiSc heeii tihei! a. ita laaterai' a:- 
fcrciiL iram titat •. t the hank.-. 'I'iic ritet-' of Lie ' iran t aa. . .if 
I’anipaiat' ari>i Argvntittti ti.av in C"n^t;i:it'y '!nf;inp' aliai'iie h. tlie 
older w at i heconting tilled to be eX|Hi-;eii be a jte'.'. charpe in '.itea- 
tioii of riotf. -A. Getkie'-'" ha> de'CribeJ .--everal oti^e^ "f channel' in 
the drift bed? of Scotland, coaded and rcnlle.i daring the Ghicitil 
period. C'ther? have been noted by J. (deikie atid by T. Cry'll 

Soiiu' ClitViiical Ft'atii'-is of Poat . — It i- well known that niatnre 
peat, when fir?t taketi out. i? pla'tic ; but when thoroiighl_v dried it 
i? no longer i.ilastic. The .?anie effect is said to be proihiced In- 
freezing. It is eviilent. as ,'aid Iiy v. Gnnibel more than thirty } ears 
ago. that peat contains some ?ubstance. which is ?oluble in the fresh 
condition but is insoluble when dried. Alicroscopical study of ma- 
ture pea: .shows that the minutely divided vegetable matter is accom- 
panied by an amorphous substance, sometimes sti abundant that 
the fragments appear to be cemented by it or even to be emlieddcd in 
it. The earliest reference to this substance, known to the writer, 
is that by Reinsch.’-’^ who -tated that in the Fichtelgebirge there are 
two kinds of peat, Rasen- and Pechtorf. Rasentorf occurs in thick 
deposits. 2 to 12 feet, but Pechtorf is in thin layers, as .shown in 
his material from near Rantengrtin on the left bank of the Eger river. 
The latter feels damp, almost greasy, is about twice as heavy as 
Rasentorf, has lustrous, brown-black surface and con>ism of roots 
embedded in an almo.st black substance. 

Definite information respecting this material ^eems to be due 

1"" A. Geikie, "On the Glacial Drift of Scutlantl,'’ Trans. Gaol Sac. 
Glasgosa, ATI. L, Pt. II.. 1868, pp. 65 flf. 

vvi H. Reinsch, “ Ueher den Torf des Ficlitelgehirije,” Journ. f. pr. 
Chcmic, Vol. XAG., 1839. pp, 489-495. 
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' 1 )i 'jipler,' - wliM ^tatol that lie ha<l received from Salzburg, in 
l'\r. '1, abi.tit 15 iiMiind' ut a black gelatiiii.n!.'^ 'ulj'tance. which had 
been M'jtaiiicil near Au-^ee in a i»eat bed, about 10 feet thick. It 
occurred ui laxer- ai o to 8 feet fn 'in the ?iirfacc and it had been 
rejeciei! a^ worilde.'S. Sclirotter,' "• who studied this chemically, 
a'Certaiued that, dried at JOO' Ed. it lust 78.5 per cent, of water and 
became a hard mas- with conclioida! fracture and vitreous luster, 
rc'enibling greatly tlie jiitcli obtained by distillation of coal tar. 
Hncd: .at ordinary teinj'eralure, about 18' C.. it parted with (1(1.22 per 
Cent, of wtitcr. ’Idle wet gelatinous material lost 14. F per cent, to 
ctni'iic ji'itti'h, eiinivtdent to ('8 jier cent, of the dried material, but 
when du'ied, it lost n'jthing to the potash soluticui. Hydrochloric acid 
jirecijiitatedi from this solution a brown substance which, dried, con- 
ttiins ; Carbon. 48.06; hydrogen. 4.98; nitrogen. 1.03 ; oxygen. 40.07 ; 
ash. 5.86. 

If ash and nitrogen be ignored the composition is. compared with 
that of cellulose. 


Carbon 51-59 4324 

Flydrogen 5.34 6.30 

O.xygen 43-03 50-56 


The presence of ammonia is evident when a fragment is boiled with 
caustic potash. He recognized in this gelatinous substance simply 
a more than usually homogeneous peat, owing its gelatinous character 
to the great quantity of absorlied water. 

At the same meeting. Haidinger^”'‘ discussed the mineral relations 
of this material, to which he assigned tlie name. Dopplerit. It is 
amorphous, but thin sections, under strong power, show the pres- 
ence of fine fibers in the mass. C)ue of the pieces received from 
Doppler enclosed fragments of unchanged peat, in which Phra(j)uitcs 
cputiiitiiiis was recognized. Haidinger believed that this structureless 
peat is the he.giuning point of the whole series of changes, which 
up to that time liad been wliolly conjectural. 

* o Oopiiler, " Ueber ein merkwurdige in Oesterreich abgefundene gela- 
tinise Snlistanz," Sit::.-bcr k. Akad. H iss. Il'icii. 1849. Bd. 3, Aht. 2, p. 239. 

VO Sclin 'tter, tiie same, pp 285-287. 

VO W. Haidinger. the same, pp. 288-292. 
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'■ ir.aFic d-.i c';i’'i''rau 'tials ..f 1 ). ui !S;S, 

11c iciniil that tile ilcrcl’.Uc'i^a'lc!! 'I.i-ijiXtiu '''trer' •i.-clv'.' 

fri ci! that lit Af."cc. Alter ■'.!'} ■.nr; I't air. ; • :: i a •\\ cr'.; 

i-if water tit liKt L.; wh.eit hetitcl t- ■ ret I'.w.t -n .i A -i. ' ;t 

}ie'iled pe.' Cent, i.f ti' iii-Ci eierent C' •he. ret.irctta t'a i r ; • a' 

the i.rittina! iraanient'. i lie ti-'h. i' bni i t'tr cent -i ;h •'•ifi 
material aiii! C' •n.-'i.'ts ni'i'tly • It li’ite. Tretitc'- i;'; ah-, I'.-.i-.i ...X ' ;. 

it }ieM> a cc'ii>'i!erahle iiiumtlty ••! re-ini'i’r irtitter. wihcii i c'-ii'.A 
thinks cnnsi.'ts i.f twii re.-iti'. riie vanahiiitv nf c. '.■iM-r.i ■. .it ih;- 
I’ereiit le-calittes letrls iiin.i t' i lielieve' tiiat iluppiertte i' i • •; ,i tree 
mineral, hut is merely a In’im' i.rteneon.' peat ami lie 'U.^ce-te i in-teai' 
th.e term Torfpochk.ahle becau.'C e"f its re-emhlance t'l th.e Te-rtiar}- 
Pedikohlc. The mode of occurrence at nercluc-seaden i' pecnhtcr. 
th.e sticcessiicn in the pits Iteing u;i Ra-eu- ami l\h''i'n'eriie : i i 
Specktorf : i c t Fasert'trf; ' i/ ' Specktor: ; ic' Fasert'Crf with. ri.i'.>t- ; 
IT) gray marl: tat calcareous pebbles. ‘ is almc'St iniperviicu.' :• . 
water. Tlie Torfpechkohle is f.t'Und cliicHy between u/ 1 ani.l u'l. 
but I l ) contains much of it in irregular streaks. Two vcin-like 
branches pass upward fr.r.m the main d.eposit 'Cverlying ( c i and con- 
tinue through the higher benches int'D ( u i. Tie is convinced that tlie 
material was soft and that under pressure it flowed into cret'ices. 
This feature suggested that plant materials were softened as one 
step in the conversion into coal. 

Kaufmann^'^"'" received specimen- uf a lustrous black C'KiI. occur- 
ring in a peat layer at C)l)burgen in L'nterwalden, Switzerland.. It 
agrees with di.opplerite in all essential features. The material wa = 
from a ITochimror. where it was found at 12 to 14 feet beksw the 
surface and in masses 6 inches to a foot thick, embedded in the 
black peat ; but it often occurs as veins, streak- or nests. When 
fresh, it is gelatinous but it becomes hard on drying: it is odorle--;, 
has greasy luster and mahogany streak: softer than talc, it crack- 
under pressure. Examined under the microscope it is homisgene' cc.-, 

ic. C. V. Gumbel. *' Ueber das Vorkommen des Torf-Peclikohle ( Dc.p- 
plent) im Dachelmoos bei Berchtesgadeii,” AcKCi Jahrbuch. Jahrg. 1S58. pp. 
278-286. 

^•*'5 F. J. Kaufmann, " Ueber den Dopplerit von Obburgen und uber das 
V'erhaltniss des Dopplerit des Torf und mineralischen Kohlen,” Jahrh. k. k. 
Geol. Rcichsanst , Bd. X\',, 1865. pp. 283-290. 
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Iiiu there are miuic line j^ranulc'. mure lar less transparent, and occa- 
■'a'l’-ai trace-' nf cel! >true'turc. I nder water, dopplerite remains tin- 
chanped f'T tear.' < ine’e elried. it i' eijua’.lv stable: when wetted 
ap;iin. it ni:iy 'niteii > a-^ t.:> 'hmt the i)rmt uf the finger nail, but 
ir ' ihirilier cli.inge tippear' after 'evertil niunth'. 

Mtdilberg an, 'lit zed imir ■t]>eeinien', three from (Jbburgen and 
one frnin .\ii"ee the nriginal locality. In all the carbon is higher 
while i.xtpeii and nilrngen are lower than reported by Schrutter. 
1 he (lilterence was enouph to induce Xltihlberg to make additional 
study, d'he material wa' treated with cau'tic potash and the dis- 
solved substance was analyzed. It is richer than dopplerite in 
ctirbijn, Ka.ufnia.nn finds evidence that the varying composition is 
due to varying extent of change in the vegetable matter. Peat ex- 
amined in thin slices shows sufficiently well the organic structure 
but it contains bright specks, soluble in boiling caustic potash ; these 
are very rare in young peat but are abundant as nests in mature 
peat. This dissolved material acts as that dissolved from dopplerite 
The proportion dissolved by caustic potash increases with the age of 
the peat, as shown by the following results of Kaufmann's experi- 
ments : 25 to 30 per cent, from peat directly under the living plants ; 
54 per cent, at 3 feet below the surface, loose : 55 per cent, at 6 
feet below the surface, darker, fibrous: 65 per cent. 9 feet below the 
surface, cottee-brown. compact, comparatively heavy. Blackish- 
brown. heavy, compact peat with black pitch-like streak yielded 
77 per cent. 

According to Billingsley’s^^' notes, the peat of the South XIarsh, 
3 to 15 feet thick, is accompanied by a pitch-like substance, wdrich 
occupies the spaces between the vegetable fragments. 

Zincken cites von Tschudi ( 1859) to the effect that dopplerite 
i< found in Switzerland near Bad Gonten in Canton Appenzell. 
where, beyond the depth of 9 feet, it occurs in streaks up to 5 inches 
thick. Humus acid flows from this and hardens to Pechkohle : he 
cites T. AX’- Herz as authority for this composition of dopplerite: 
Water. 15.03: ash. 3.39: carbon. 57-47: hydrogen, 5,32; oxygen. 

Cited by H. B. Woodward. “ Geologj- of Eastern Somerset,” etc.. 
1876. p. 156. 
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3 t)_>: ; imn cSf). 1 he iiiatcr’al .'ai.iK/ei! aT-ilrKk: tiie 

uiiiniate ei iiiij K ''it !i ■!! a- i- a.~h aial w.iUr ftac 

I)c!iicl.' ' (!i >j>;i!eriu- innu the oftXm.i! fi'i'.n*! 

that it wiaiM r.<>i ^''>1 >il' all ii- ttaur .it k-" thaai i _’■ > i , ''iii: rh'- 
I'a.ahi ttaiiioraliirc -hi.ithi itnl he j 'la ih .iiute'l, a' ike< ae; ■> ''fhi a; hee'-t' 
iliitckUa 1!',' '! 'eC’tiii !!' euntainei! 'to iiiin'itttt, .!i:Yr"’e_; :-.,ei 

th.iise a.!Ki!_\2eil hy Soh.ri.tter and MuhlXery. 'J'lie a'li tarie- 'ittle 
tftini 5 |Kr cent. 1 Ite carhnn aji] aa laiiu'' tlt.it n’laanch: ;a K,.,;-;'- 
tnann hiu i' iie.ir!_\ 5 yLf ee’il nmre than that repi.i'!i.d in .krin' ':!! la 
w'tli ak( I an increa'e nf 04 jK-r Oi.nt. in the liv. Inane" lie .I'-inn- 
tlte tiiriimhi Ilf C' Id ,< I ti> 'll i|i] ilente. .\ lai'n'o part nf llte niintral 
i' ^riliihle in cau-tic |inta--li. frnni which it m;iy he ; nxcii I'tateil hv 
ticiil". Thi-' |ireci]iit;ite h;i' Ic"- hvilntaen. the formula :i> lielenninci! 
by Denie!. beiiiy' C _.H I The a.-h. 5 jicr cctit.. conttiin? J2 ky per 
cent, of calciitnt oxide, equivalent to about 3.63 per cent, of the dried 
dopplerite. alono; with 12.02 pier cent, of aluniina and ferric oxide. 

\ On Gunibol in hi? Ititer .'tutly. recognized the cakairei.iu- nttture 
of the a?h. which i? 'Uow-white ; he think' there nia\- be a chemical 
combination of the calctircou? and organic con>tituent?. 

Fruh's^"'^ discussion was more elaborate than that by any one 
of his predecessors. He compared the features of dopplerite from 
many localities. It is present throughout some peats as brown 
flakes, one centimeter to a decimeter, .giving a mottled appearance 
to the mass, which he terms iMarmortorf. He found it only m 
Rasentorf ( grass and sedgef. or at the junction between Ra'cn- and 
Hochmoor ( Sphagnum peat) : that is to say. only in peat rich in 
water, a condition which favors ulminiheation. Dopplerite and pent 
are not separated sharpily. there being always a passage zone. Evi- 
dent!}' the dopplerite was fluid : it is associated frequently with a 
twig or root, along which it flowed ; sometimes, it is in thin sheets : 
it may fill preexisting cracks in the peat or in the undcriving 
materials. The calcareous ash led him to believe that it is present 
in the Rasentorf because that thrives in calcareous water, whereri' 
Sphagninn does not; at the 'ame time. S ['hagiiiiiii i' cnnvertilile into 

Demel. " Uelier clen Dopplerit von .Au.s.see.’' Sit- -her. k .Ikad. 
IViss. Wien. 1883, Bd. 86. Abt, 2. pp. 872-878. 

i’"' J- J- Fruh. " Ueber Torf und Dopplerit.” Trogen, 1883, pp, 64, 6^:. («y-72. 
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(lupiilcritc, fur Fnili >;i\v doj>j)k'ritt.- of -}ih;igiuim origin at the 
junction of lloch- and Ka^enniuor, where the water was very 
aliundant. He ohjects very .virongly to regarding the material ex- 
tracleil l>v eau>lie jiolaHi to the true dopplerite ; he believed the 
niinertd to 1)0 a.n ulniin jiroduet . the potash dissolves both ulmin 
ami Imniin jiroduct^. Hojjjjlerite. according to Fruh. is most 
abundant in the lower jtortions of a depO'il. but the microscope 
delect- flake-, of tilinin-like material throughout the mature peat. It 
i- uell to recall here the fact ob'crved Iw C. A. Davis in iMichigan 
and bv Dachnowski in ( )hio, that Sl'hdtjnitin is indifterent to the 
character of the water, limy con.-tituents not interfering with its 
growth. F.([u;illy, Rti-enmoors <lo not reipiire ctilcareous waters, 
for the water of the Rhine and of the Meuse is thoroughly fresh, 
Kinahan, in iS6i, referred to the tarry fluid which trickled froitt 
an Tri>h bog — evidently dopplerite. 

H. L. Fairchild in i88i and Lewis in 188.2 described a dopplerite- 
like .'ubstance obtained near Scranton, Pennsylvania, Lewis’s^^" 
description is the more in detail. This suhstance is in swamp muck 
at the bottom of 8 to 10 feet of peat and occurs in irregular veins. 
It is black and jelly-like when fresh, but on exposure becomes 
tougher and more elastic. Caustic potash dissolves it. Analyzed 
bv T. 3 ) 1 . Stinson, it proved to contain: Carbon, 2S.989 : hydrogen. 
^.172: nitrogen, 2.456; oxygen. 56.983: ash, 6.400. The formula 
a- determined from the analysis seemed to be Ci,-,H_._, 0 ,,.,. There is 
little combined nitrogen as the quantity of ammonia i' .small 

}'o-.tcr'*- studied a substance whicli a[)pears to be very closely 
;iHicd to dopplerite. The deposit is in northwestern New 3 )Iexico 
along a broad '■ wash,” draining into the canyon of the Chaco River. 
Its existence was indicated first by a Xavajo Indian, who said that 
vlierever the Indians had sunk wells within an area, 10 miles long 
and of considerable width, they had encountered this material. The 
collector reported that normally it underlies clay and soil, but some- 
times the clav is absent. At the fir^t test pit. clay is absent and the 

’>"H c. I.ewi-.. ■■ On a Xow Siili-tance Resemliling Dopplerite, from a 
P.oi^ .It ScranU)!).*’ /Vote VhU. Soc., \ ol, XX.. 18S2, pp, 112— li/. 

Ill Ibwter, .\ Remarkable Carbonaceous Deposit near Putnam, Xew 
He vie.)," Ft 0)1. Uce/., Vol VIII , 1913. PP- 3bP-3b8. 
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dt-posit, tlu-re liqui<l, \sa=- reached ;u iXai tin 'Uri'acc. ll 

rail iiiU) the pit :U' rajiidly ti-^ it wa.' haled mit. l-'mir uaV- .i\\a\ 
on the r-aine \va^h, a ^ecund ]iit rcachid. at .t uat, mie fi.iit ,ii ela_\ 
re^iin^' on the dejio.'it, more than lo feet thick, th.e 'lotiiiiu not 
reached At this localitv, the ^uh'taIlCe h.a' the C(iii';';i. nce of 
gelatin, becoming denser with increa.'ing d.epth, l>ric<',. h i„ M,.ck, 
brittle, hard and, when jjowdered, re'cnib'e' cot.l .b.i-i. In two 
trials, the material yielded tuiil 74 per cent of w,ner. 

Burned at a low tenij>eratiire, it left 53.53 per cent of .idi, con- 
taining 3,03 of lime and <(.3') jier cent, of .eoiia. Ignoiang the a'h. 
the Compoi-itiun I't Carbon, 5(1,04; hyilrcigeii, nitrogen, gog; 

o-xygen, 35 , 1 ( 5 , which ajiprotiche' very clo-ely to the composition 
of dopplerite analyzed iiy Herz, Kaufmtinn and iJemel. ’I'he a-h 
is apparently a silicate of aluminium and 'Odium ; it is very rlnely 
divided and shows no trace of dititonm : Foster sugge.-ts that it may 
be chiefly disintegrated soda-feldspar, Jeffrey'''*- exaniineil the 'tib- 
stance under the microscope ; he found no trace of orgtinic structure 
but crystalline minend nititter is pre-ent. 

It is certain that peat contains tm amoi'i hijus substance derived 
from the vegetable matter. This, originally more or less soluble, 
becomes insoluble when deprived of its water. The iiuantity is 
small in the newer peat but increases downward, being most abun- 
dant in the mature peat, where in many ca'es the vegetable frag- 
ments appear to be embedded in it. Its composition i- varitible, 
being dependent, apparently, upon tlie extent of chemical chtmge in 
the plant material. 

Composition of Peat . — In all -works treating of gcuerrd geologv, 
one finds tabular comparison of the fossil fuels, based on the aver- 
age of a great number of analyse-. One may not deny the utilitv of 
an " average," when the averaged analyses are all from one mine 
on a bed of coal, the desire being to a-certain the genera! grade of 
the material as shipped. Yet even in that case, the defect- in the 
method hecnnie painfully eviflent to the man, who having purch.ased 
on the basis of the average, receives coal from the le-s de-ir;ible 
[lortions of the mine, “Peat” is a generic term including products 
E. C. Jeffrey, letter of December ig, 1914, 
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of vegetable matter undergoing a chemical change which differ in 
comj)Osition according to the extent of that change, according to the 
nature of m;iteri:d and according to the conditions under which the 
change was made. iNIany matter^ have to he considered: if these 
l)e ignored, the congKirison is worthies'. 

All writers on ])eat deposits have called attention to the fact 
that a notable ph\ sical change is observable as one follows the peat 
diiwnward from the surface, the disintegration of vegetable matter 
increasing ^o that in the great ma'S of the mature peat, little trace of 
organic matter can lie recognized by the unaided eye. while in many 
rc'pects the lower jiortion bears much resemblance to brown coal. 
The s])ecific gravity increa>es with this change. IMills and Rowan^'*® 
state that young Hanoverian peat has the gravity of 0.113 to 0.263, 
whereas that of the maturer peat is from 0.639 to 1.039. The 
chemical change is gradual but more and more marked with increase 
of depth. Cornet’^ has given three illustrative analyses as follow: 



c. 

H. 

0. 

-V. 

Ash. 

Suriace 

57-75 

5-4.5 

36.06 

0.80 

2.72 

Two meters and one half 

62.02 

5.21 

30.67 

2.10 

7.42 

Four meters and one half 

64.07 

5 01 

26.87 

4.05 

9.16 

The ultimate composition 

is calculated 

ash and 

water free. 

The 

extraordinary increase of 

nitrogen 

in 

the lowes 

t portion may be 


due in jiart to the presence of some plankton materials. Jentzsch’^= 
';ivs that in the province of Preus':, the peat deposits vary in thick- 
ness from a few inches to ly meters. The composition of a peat 
used for fuel is. water free; Carbon. 56.90: hydrogen, 5.54: oxygen. 
tr.88; ash, 5.66. In his Later publication he compares peat from 
'cveral localities in the same province, thus : 

’-V. E. T. Mills and F. J, Rowan. •'Fuel and its Applications,” 1889, p. 18. 

' T. Cornet, " La formation des Charbons et des petroles,” E.xtrait de 
I'l itivra.ye, Ceologie. T. III., p. 25. 

’c. .\, Tfiitzsch, "Die .ueognostische Durchforschung der Provinz Preus- 
-en nn Tahre 187O.” Schrift. h\ Pliys. Okon. Gcscll. Koiiinshcry, Jalirg. 17, 
0 ^ 77 . PI'- leo. I2j; "Ueber die Moore der Provinz Preus.sen,” the same. Jahrg. 
19. 187S, pp 128-131, 
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In the region whence thc'C sample' were taken, the growth of peat 
has been ver}- slow during a long period, so thtit the surface peat, 
or rather, that from near the surfttce has umlergone much greater 
change than that in simikir position within areas where growth still 
continue-. The same authors give results obtained by W'oskre- 
-ensky who analyzetl Ru-sian peat, which evidently ctime imme- 
diately under the growing surface; it contained about 41 per cent, 
of carbon with 54 per cent, of oxygen and nitrogen. 

iMulder'-*' analyzed fuel peats from localities in Holland and 
found the carbon varying from to 61.05 per cent, and the 

oxygen from 32.50 to 34.71 per cent. 

Zincken’’*^ has given the results of two analy-Cs of Schiefer- 
kohle from Utznach. in Switzerland: the first is of the ordinarv 
material, but the second is of a dense coal. hard, almost lilack and 
with conchoidal fracture ; 


C. H. (). X 

I... . ,S.S 27 S-T'J .St) S4 214 

II . 56 04 4 TT V' "7 J O) 

H). P4]el and its Applications." p JO. 

'*' 0 . T. Mulder. " Uelier das aralnsche Gurnmi. die pLcn-clie Ssure und 
die Zusammeiisctzung der Torfarten.” Jniirn. f. [•r. Chemic. \'i)l X\’I , pS vj, 
P. 246. 

•• Physiographic der Draunkohle,” p. 24. 
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If one may make a suggestion on the basis of these results, it would 
seem as though mere pressure has had little influence here, for the 
hard Schieferkohlc of Utznach contains much less carbon than 
is found in some mature recent peats. 

\'on Ammon-*'' has published an analysis of Schieferkohlc from 
Grossweil in Bavaria, which, reduced to pure coal, shows : Carbon, 
60.59 ; hydrogen, 4.86 ; oxygen and nitrogen, 34.55. The ash is 8.21. 
This coal, according to v. Ammon, i^ to be regarded as an earthy 
brown coal with inclusion of lignite ("bituminous wood"). It is 
of the same age as the Utznach Schieferkohlc. C. A. Davis has 
given a long scries of analyse' from American localities, to which 
reference will be matle in another connection. It sufiices here to 
note than in four samples, with ash varying from 3.84 to 6.69. the 
carbon varies from 51.8 to 595 and the oxygen from 41.4 to 32.6, 
the determination being on basis of pure coal. 

Peat, according to its age and its place in the deposit, may 
vary in carbon-content from much less than 50 per cent, in the 
upper portion to more than 64 per cent, in the mature portion, the 
calculation being on basis of the pure fuel. The more mature the 
peat, bv so much the more it resembles brown coal in chemical and 
physical characters. 

Nitrogen is present in all peats, of which analyses have been 
published. The analyses by F. M. Stanton, which have been tabu- 
lated by Davis.*'" make this clear for the United States. The 
quamitv bears no relation to that of the ash. Peat from Leoit 
coumv. Florida, has 4.28 of ash and 2.30 of nitrogen, while another 
from Lake countv in the same state, has 21.04 oi --53 

nitrogen. One from Connecticut with 45.31 of ash has 1.92 of 
nitrogen, while another, with but 3-98 ^-1^ uitrogen. 

Sulphur is alwavs present, sometimes in sufficient quantity to be 
utilized. It and nitrogen are original constituents and are not due 
to the transported matter. 

Studv of ash in peat affords some insight into the conditions 
prevailing during growth. The mineral content may be original, 
that is. derived from the plants themselves, or it may have been 

L. V. .\mmon, " Bayerische Brauiikohlen,” etc., 1911. p. 10, 

U'” C. A. Davis, •' Uses of Peat.” pp. 186-203. 
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iiitro(hiced hy wind or nmirdi;:^; wau-r. Wluii i!k dLii.i'a Iri' l>Lcn 
protected front influx of -ilt, the a^h nia\ he Ic" lliaii J pi r ciui 
of the dried material: hut there i' e\er_\ eiadation from tli.it per- 
centage to 'hade, clav. or 'and with uKreU a tr.ua oi vieet.dilc 
matter. Such e'ariatioU' are commonpl.ice in uphiuil hi‘e' mid ,ire 
illu>trated hy one in ( )hio, recoiakil hy 1 ).ichno\\ 'ka wliicii h.id 
more than five time> a> much a.'li on the 'hallow hor.kr ,o i-- the 
deeper portions. An;il_\ >e' puhli'hid. in European work' ua loij 
commonly of material from locahiic' where peat m duy, whire n i' 
of proved economic value; >o that one i' liahle to >up].o.'c ihm ne.u 
with leAS than lo per cent, of a.'h predominate,'. It tmauld tippear, 
however, that a much poorer g;rade of peat predominate', except 
where, in lowdand area?, checking- of ?tream? at the border' catme' 
dropping of the load or where a den?e jirotecting fringe of plant', 
like the "cane brake?" of the iMi??i??ippi delta, act a? niter?. The 
analy?e? by Stanton in C. A. Davi?'? work are of ?a!nple' from 
many localitie? in 8 state?. Practically all of them were taken 
from previously unexplored depO'it? and. being collected accnnling 
to the official method, they represent the whole thickne?'. A com- 
parsion of the result? 'how? that the peat from 
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The lowest percentage is 1.53. which is leS' than that of the plants: 
only 98 samples show less than 10 per cent., while 147 show more, 
a vast preponderance of tvorthless material. The analyses, tabulated 
by Dachnowski,^-'-' are front 61 localities in Ohio ; none is below 3 
per cent., 14 are below 10 per cent., while 12 are above 20. \\ hen 

one considers that the samples, in all case? cited, were taken because 
the peat appeared to be such a? might be utilized, it i? evident that 
good fuel peat is only a small part of wdiole now exi'ting. 

A. Dachnowski, " Peat Deposits in Ohio,’’ pp. 366, 367. 
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The composition of the ash depends on the character of the 
plants and on that of the rocks over which the streams flow. 
Potash and soda are usually present, but in small quantity as their 
salts arc soluble and easily removed. Lime, iron, alumina and silica 
remain. IMills and Rowan’"'- have published 27 analyses by Kane 
and Sullivan, giving composition of ash from Irish peats. In these 
the lime varie- from 12.432 to 45.981 per cent of the ash. Dach- 
nowski gives airalyses by J. W. Ames from 12 localities in Ohio, 
which show the lime varying from 2.210 to 4.529 per cent, of the 
ash. When one considers the notable quantity of certain conifers 
in peats, the low percentage of lime is a little perplexing : in most 
good peats it is only a fraction of one per cent, of the dried peat. 

The action of various solvents upon peat was studied long ago 
by several chemists. Hunefeld””'* examined some loaf-like masses 
found in a peat bog near Borreby in Sweden. The proximate com- 
position of the material was: Resin, 16.8: resinous matter like 
asphaltum, 40.0: wax, 2.2: coaly matter, with traces of humus, 38.0; 
oxide of iron with gypsum, 3.0. The material was supposed by him 
to be changed bread, which had been buried for about 800 years ; 
but Berzelius objected that one cannot conceive how the constituents 
of bread could give a substance with this composition. Hunefeld 
studied numerous peats, treating them with alcohol and ether and 
obtaining 4 to 5 per cent, of resinous matter. There seems to be 
everv reason to believe that his original work was correct and that 
he showed that resins, wax and asphaltum exist in peat, where there 
was no pos^ibility that they were introduced from any external 
source. 

Popular dread le-t the draining of Haarlem lake might cause 
serious injury to the public health led IMulder”"^ to examine the 
dense and the less dense peats separately, but by the same method. 
The peat was first boiled in water, which afterward was drained off, 
and the washed peat was dried and treated with boiling alcohol. 

1^- E. J. Mills and F. J. Rowan. “ Fuels.” etc., p. 16. 

Hunefeld, “ Xachtragliche Bemerkung iiber das Brod in Torfmoore,” 
Journ. f. pr. Chcmic, Jahrg. 1838, Bd. III., pp. 456-460. 

J. Mulder, “ Untersuchung iiber die Harze des Torfs,” Journ. f. pr. 
Chcmic, Vol. XIX., 1840. pp. 444-453. 
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\\ hoii cxliciu-tii III \\a> cciiH'lctc, tlx I'lrx'! .aii: 0 . w t''i 

Steiii'il. lie (ihtaiiK'il iMur ihru. wle.-l! .ei 'ii'n'i'i- "i l.n'. 

alcohol, hilt the lounli i' 'n'uhh noli vi tla Sti ai IIa'. ..'e 
from the ileii-er peal. Aii,il\ -e^ u' t!u ’a'lii' ci''t..".iii 1:11;! the 
le.'' iknse peat- 'h.ow that thev tua- i-d; il:e '.ma, ih'.r.eh c'.n'ih." 
relaleil, Tlie outtn'iity of la'ir.uH' m.iti.r'al 'i,..'!-- tn 'a- ci'e.i'i' m 
the li iwer 1 'art of ti ih po'il ; an.l Miialer la la \ l ■ 1 th. .t 't \\ ,1 ' tor:' 1 1 
during tlie proce" of \ ertorfrui; arnl not licaieil itmti tile 
directl}'. 

.''iiiith. ' utilized .'tihaiu.' in the 'tudiv of .eome peat' from > 
land. In Ink memoir, he 'iimmari/e' ih.e re'Ult' ueitthtail he llifa- 
fcld. Rcin.X'h. kluldier and Jacoh.'en lie iretiicd hm peat.' e, 't;i 
naphtha and alcolu-il and ohtained:. a.e the re-^ult eii ^evertd. experi- 
ments. 6 per cent, of ;i Malid resin, black ami with wa.xy fraemre . 
This material has : Carbon, 73.3',; to 73.55 : hydroijen, 10 7S to 10.41 ' • 
oxygen, not given. Smith stiys th.at such wax can be obtained from 
peat by distillation, but the method of solution secure' the crude- 
product as it exists in the ]ieat. He cannot ticcept the suggestion 
that the resinous material i? due to chemical change but maintains 
that it must be traced to the original plants themsc-lve? : the increase 
in proportion downwards is due to the waste of more easily decom- 
posed materials while the resistant resin< remain unchanged: but in 
a more advanced stage of chemical action, the re^ins theni'eives are 
attacked and are removed in solution. 

In considering these experiments and others of similar character, 
one cannot determine how much i' rc'in and how much i- paraffin 
material. Graefe’s method of treating with benzol gives an ap- 
proximate determination of the waxes. \ on Ammijii state-' that 
the Schicferkohle of Grossweil has 3.73 per cent, of material soluble 
in benzol: Kraemer and Spilker^"'’’ examined a considerable number 
of peats, treating them with benzol and in some cases with toluol. 
They obtained from 3 to 8 per cent, of wax, the quantity in Hoch- 
moors being less than in other types. 

i'--' R, -Angus Smith. “A Study of Peat. Part L,” Mem. Mapck. Lit. Phil. 

Soc.. Ill, \'oi, y.. 1876. pp. 303-331. 

i'’’- G. Kraemer und A, Spilker, “Das Algeinvach.s und 'i-in Zusamnien- 
hang mit dem Erdu!,’' Per. d. Chem. Gcsell , 1912, Bd. i. p. 1213. 
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It is wholly certain that the paraffins are present and that one 
is not compelled to go outside of the original plants to find a source 
for these or for the re>ins. The abundance of conifers leaves no 
doubt as to one source of the resins and waxes and these are char- 
acteristic of swamp plants. They are alike resistant to chemical 
change. The mode of occurrence of the Xew Zealand Kauri gum 
affords the necessary illustration for the resins. Penrose^^' states 
that this gum, a true resin, is a secretion of the Agatha australis, 
now living within an exteiwive area in Xew Zealand. The resin 
accumulates in large quantity on all parts of the tree and the 
bark, which peels off and is heaped on the ground, is saturated with 
it. The fresh exudations arc unimportant commercially and the 
supply is obtained from the buried or “ fossil ” gum. This is found 
in regions now covered by the Kauri tree, in others whence the trees 
have been removed as well as in some where the only evidence of 
former forests is the presence of buried roots and other portions 
of the trees. At times, the Kauri forests have disappeared and 
have been replaced by those of other trees, the only proof of a 
former forest being the gum and the roots. That the antiepnty of 
early Kauri forests is very great appears certain, for there are trees 
in the newer forests, which are supposed to be not less than i.ooo 
years old. At some localities, the gum is found in successive layers, 
separated by clays or saiuP, evidence of forests destroyed one after 
the other. The Senegal copal occurs under similar conditions. In 
many cases the re'in-filled portions of the trees have been preserved, 
though all others have disappeared. 

Distillation Prod acts from Peat . — Lampadius pulfiished in 1839 
the results of his investigation of products obtained from peat by 
distillation at and above the “ cracking point.” The experiments 
have been repeated many times and with similar general results. 
Two recent studies will suffice here. The Ziegler'-'' process of 
jiroducing coke from peat with saving of the by-products, has been 
tested on a commercial scale at some places in Germanv. About 33 

''"R. A. F. Penrose. Jr., "Kauri Gum Mining in Xew Zealand,” Journ. 
of GcoL, Vol. XX,. 1912, pp. 3K-44. 

’"SC. A. Davis, "The L’ses of Peat,” Lk S. Bureau of Mines, Bull. 16. 
icjii, pp. 128-142. 
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I’cr cfiu. of "ofitl coko. coiuainin" <)t) j'^r ccoi. ht o.iv'ion. i- 
fri.ini hinh-^rade peal; thou,i;h liard a.no 1 1 a;:; ■.iCl . U lal.io'.- ;!k 
peat-.'tructiire 'I'lic tar. a niixuirc of ilu -'h-l iM"' a -i , 1 

lu'ilrocarlion coinpuuniK. rareK oxeeeil' 45 pi.r ,,i ;!.i id 

peat, varie' inuedi in c|iiamip\ and i' a nkiek \i'eMU' irpie'. 
jee'ted to fractional di'liIl.U'.oti. it \ ield-. alti.r 'e'p.n a at 1 c’ 
tininicinia, listht and hi.a\\ oil', p.ir.ifiin wax. ciao'otc ,aal a'ok il: 
The crude nih tire .'aid to lie idaiiiical with tlio-i of pi’.oiUnn; r' 
propertie,> and appettrtmee. d'he character of ll’.e t.ir w.ili.!'. co:u;c’!- 
ing lighter or le.-s rettdily coiidell'ed cotnjouinl', iki'cn'l' hi p.'"t 
on the character of the peat . the fihrou'. Ic" deconi; o-^d po;t' y.T 1 
more methyl alcohol ;ind acetic ticid with le^^ tmim.oin.a than ilio-. 
which arc darker, thoroughly tleconipr _'cd ;ind >tructurele". winch 
contain more comhined nitro.gen. Thi' tar titer contain' ammo- 
nium salt.>. acetic and oth.er ticidf a- well a.> methyl tdcohol 

The permanent ga^ej vary with the character of the peat, the 
quantity of water and the temperature tit which the coking is done, 
there being in every case a consitlerable jiroportion of air. The le>' 
decomposed peat gives the greatert quantity and the poorest (luality. 
The varitihilit}' in composition appears from two analy.'o. the tir't 
being from the Ziegler plant at C)ldenburg tmd the other from thtit 
at Beuerherg ; the percentages are in volumes : 
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The gtn burns with a feehlv luminous flame. \ on .Vmmnn'' ' hti' 
published results obtained during destructive di.'tillation of Schiefcr- 
kohle from GroS'Weil, which a well-decompo>ed peat with do. so 
of carbon. Two 'amples. each weighing one kilogramme, were 
tested, one retaining the woody structure, the scermd rc'embling 
earthy brown coal. The results are very different from tho.'c nli- 
vo L v, Ammiiii, " Baycri'che Braunkohlen,” etc., p 10 
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tainetl by the Ziegler process. The coke is 23 to 24 per cent., the 
watery constituents vary little from 63 but the tar is from 1.24 in 
the earthy to 2.87 in the woody material. The earthy coal yielded 
105.63 liters of gas whereas the woody material yielded only 97.55. 
The composition of the gas is 
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0.74 


The tar-water of number I., the ligneous type, is acid, that of the 
other is alkaline. The amorphous, more changed material has less 
acetic acid and more nitrogen combined as ammonia, but the gas 
shows great increase in carbon dioxide with decrease of carbon 
monoxide. The results may not be wholly comparable, since the 
lignitic, woody material may contain some constituents in greater 
proportion than found in the amorphous peat : the former is conif- 
erous wood while the latter was formed in great degree from plants 
of wholly different t}pe. 

Suiiuiiary . — Before proceeding to consideration of the Tertiary 
coals, it is well to summarize the facts recorded in the preceding 
pages. 

1. The area of Quaternary and Recent peat depo-^its is appar- 
ently greater than that on which carbon deposits were laid down 
during anv preceding period of similar duration ; yet it is but a 
small part of the earth’s surface, for there are vast spaces on which 
no peat has formed since the Quaternary began, though much of 
the peatless regions has been forested. 

2. Peat bogs vary in size from a few square feet to thousands 
of square miles. The smaller deposits are due to filling of pools, 
ponds or lakes by plant invasion, while the more extensive deposits, 
those on coastal or broad rivers plains, originated, certainly in some, 
probably in most cases, in small, isolated bogs, which became united 
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bv transgression. These, though continuou' .'Uperiiciall\ , are not 
strictly contemporaneous throughout. I he hurieil ilepo-it^ of 
Holland-Belgium-France are continuou.- with luing hog- (r:i the 
mainland: but the buried peat, in greatest part, is ohler tli.m iliat 
now exposed, as evidently the marsh crept graduall\‘ mhmd during 
the subsidence. In like manner, the great depo-n- loruKd. on 
plains show notable variation in thickness as well a- in co’.r.i o-nion 
The vast peat-covered plains of Alaska and Siberia lia.ve a con- 
temporaneous top layer, but the underlying portions of the ile; ri_-ii- 
are probably very far from being strictly contempor;ineou>. 

3. The condition prerequisite to formation of peat i- an a.bundami 
supply of moisture with sluggish drainage : this does not me in that 
alternating wet and dry seasons are necessarily preventive. It the 
supply of moisture suffice to keep the main mass moi-t. the loss 
during the dry season is more than made good by grotvth during 
the wet season, as shown by some tropical swamps. This condition 
of moisture depends greatly upon the topography, which determines 
the character and extent of drainage. Temperature i^ important as 
affecting rapidity of growth. In Spitzbergcn. 78 degrees, Xonii 
Latitude, peat covers considerable areas but the deposits are very 
thin, for the season of growth is brief and the temperature is alwavs 
low. But the growth is much greater in the Alaska region to 
beyond the Yukon, where the plane of jicrpetual fro-t is within 6 to 
14 inches fr'.'m the surface. The atmosj'heric tcm[)erature iluring 
the summer i- higher and the winter temperature is lower than in 
Spitzbergcn as the climate is continental, not insular. In the ccild 
regions, decomposition is less advanced than in lower latitudes and 
the accumulation is of vegetable matter rather than of peat, jimperlv 
.-o-called. In the tropical areas, vchere the topographv permits 
proper moisture conditions, it is evident that prolonged high tem- 
perature in no wise prevents accumulation but rather encourage- 
it by favoring rapiidity and density of vegetable growth Kenrders, 
klolcngraaff. Harrison, Kuntze and others Iklcc de-cribed the vast 
deposits in tropical East Indies and South .\meric;i. Harper, Hil- 
gard, Lc'cll and r)th.ers have describe 1 -ubtiMpk-al peat depe-its m 
the Utiited States, while many rTserver- ha\e written tdxiut the 
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temperate zone peats of North America and Europe as well as about 
those of the arctic and sub-arctic areas. In North America, the 
passage from subtropical peats of Florida to those of the subarctic 
areas is gradual : the plant-life changes, but the peat varies little in 
character. The fact is certain that in the tropics as in the tem- 
perates. peat accumulates where the necessary conditions exist and 
that it doC' not accumulate in either when those conditions are 
wanting. 

4- Peat may be derived from any land plant, but ordinarily the 
dora contains many types. The constituent plants vary at the several 
horizons in a deposit, but for the most part the peat does not consist 
of any one plant or class of plants. Occasionally a layer consists of 
remains of a single species, but the occurrence is comparatively rare. 
The peat-making forms are not the same at all localities. In northern 
Europe, certain mosses, chiefiy S pliagnii i:i . are the important constitu- 
ents in the upper layers, so also in some parts of North America ; but 
there are considerable areas in both regions where mosses are either 
wanting or are wholly unimportant. Sedges have been the efficient 
peat-prcducers in much of the north temperate, even at some tropical 
and subtropical localities. But there is no limitation ; conifers, palms, 
deciduous trees, mosses, sedges, in a word, any water-loving plant or 
any plant preferring a -lightly acid soil wdl yield peat under similar 
conditions : the soft parts become a pulp but the harder parts change 
more slowly. iMore than loo years ago, Al. Brongniart caked atten- 
liciU to peat in Holland composed of leaves of conifers and Reinsch, 
almost 75 years ago. observed similar peat in Germany ; the forma- 
tion of peat from offal of oaks and conifers is a familiar phenomenon 
in the Rocky klountain region. 

In Tierra del Fuego, where conditions are subarctic, the chief 
peat producer, according to Darwin, is a sedgelike plant, Astclia 
piunata: in tb.e Falkland islands, every plant i- a peat-maker while 
at Chiloe. Astclia pitniata and P'loimtia uiagcUanica make up the mass 
of the peat. The Nile Sudd consist.- chietly of sedges and grasses', 
in Florida, not only conifers of various t\pes but also grasses and 
-cilges contribute, and even the hyacinth has become important. But 
tlicv all give peat; the sedge-conifer-moss peat of Germany is almost 
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the same in CLinpi'-iti'en a? tlie peat ir.nn Mrr.itra ami ' '.er i'lar.'.' 
within the tropical region-. Ihe ih.itercnce - ;n c r. ,o ; -l o. - 

from these widely separated iucalnie- are Int.e ereawr ir.ar -e ■ 
served in the several bench.es nf any thie'k diep"-it. 

5. The felted strncinre of the peat i- n^t c'vc : .c.:) -pi. 'rd. 

character of the plants, for it i- pre-ent '.n fote-t Ir.ter 11 e e\um. 
of chemical and ph_\-ical change increa'c- ilo\\ n\\ .u'd n; a ‘Tp - 
At the top of a growing bog, one tind.s luing paint', bn: w'tai!: 1 - 
lOr three inclie-, the ina.-s coii'ist.- of deail maienal, 'lighd.'. chamgL'l 
in co;ilor but with ^mall increase in pcrcenttige of c.irhon l.ioi lt 
down, the organic structure becomes le.-s ami leo^ d.;,-t;nct atrl, ,0. 
length, the whole mass is, to the ur.aidied eye, merely a pulp, -n 
which are embedded fragments of wood and occa-icnal letivco. Th.e 
conditic'in is described by both Darwin and Thijtn-cin for 'tub'eni 
latitudes. The former, in writing of Tierra del Fuegu. 'tl.^ ^ tltat 
AstcHa piiinata constantly produces new leaves on the gio:n\iiig ^tem, 
while the older ones decay. Traced downward into the petit, ilie "Id 
leaves can be seen in all stages of decomposition until tlie whole 
has been blended into a confused mass. Thomson say? of the 
Falkland peat that roots of Empctnitn, Myrtus, Caltlui and sedge-' 
can be traced downward for several feet, but finally all structure i' 
obliterated and the whole is reduced to an amorphous, structurele?? 
mass. Examined under a glass, tiiis pulp proves to consist mostly 
of plant remains, fragmentary and irregular in form. The unerjual 
action of decomposing agencies causes this peculiaritv of f.jrm, 
which might suggest to some that the plant remains had been .'Uli- 
jected to attrition during transport by running water. T.iit th.e ma- 
terial is of ill situ origin, and all stages of change are di'iiiici. 

The several parts of plant- are affected differentl} and not all 
plants are affected alike. Hypnum appear- to lie e?peciallv re-i-iani, 
for layers of the almost unchanged mo-- liave been found nialer- 
lying a cionsiderable thickness of pulpy material. The '"ft [larts 
of plants are reduced quickly and the woo,! of uio-t deciduous tree? 
is reduced but little less rapidly. The wood of r.ak and cemifer' 
remains unaffected for long period-, iiractically tlie onlv apparent 
change being increase in bardne-i.-. The bark of ncarlv all tree- 
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persists even after cle^tructi^n of the other portions, so that the 
flattened bark becomes, as it were, an imprint on the pulp. 

6. The stages of growth in peat deposits depend very largely on 
the original topography of the area. In the filling of water-basins, 
the first -'tage is formation of mud on the bottom. This may be cal- 
carei.nis. formed by CJiant an<l mollusks. and may hold remains of 
water animaU. pollen. s])ore', freshwater a!g;e and vegetable remaiim 
of iither '■ rts, floated in by streams or blown in by the wind. If 
streams carry detritus and the water have low calcareous content, 
the bc'ttom is ccivered etentually by fine silt with similar organic con- 
tent: but if the pond be free from influx of detritus and calcium 
salts, the first deposit is a mud consisting of remains of acpiatic 
animals, freshwater algte with spores and pollen blown in by the 
wind. This is the Lebertorf stage, the Sapropel stage of Potonie. 
This material, in some cases, increases with great rapidity, and the 
water, at length, becomes so shallow that certain types of aquatic 
plants take root and the formation of normal peat begins ; first, the 
plants routing under several feet of water ; then reeds encroach and 
the rushes and sedges advance to form a floating cover, on which 
shrubs and even trees take root along with ferns and. in many locali- 
ties. eventually Sl'haijitniii. The trees advance, conifers first, to be 
followed by deciduous forms of the forest type when the surface be- 
comes dry to a depth of a foot or more. Throughout, one finds abun- 
dance of spores and pollen grains, and occasionally a lens of Lebertorf 
occurs, marking the site of a pool or pond in the growing mass. This, 
in a general way. is the succession as worked out by the early ob- 
servers and cunfinned by all students during the last third of a 
century. 

The succession mav differ somewhat in ileposits formed on plains 
bordering great rivers or on coastal areas. These begin frequently. 
])erhaps generally, in small, shallow ponds, caused by local obstruc- 
tion of drainage and expanded by transgression, which led to union 
of many small deposits. The Lebertorf stage could exist in the 
original small spacer but not in the newer portions formed during 
transgression, exeept where local ponds originated in the peat. 

7. The accumulation of peat has been continuous in few locali- 
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ties: even sniall deposits sheiw jeiu'es like ir.'''L' winch ch.inictL ri/c 
those of greater extent. iNFanx fate' a cxch.cal .. 'icier ■' ''i'f.nc; ainl 
tlie deposit is divided into benches. The pre'Cess w U' iinerrnpted 
again anil again, so that the surface liecanic ilr_\ en'iiigi; f. it er Atii 
of trees, imt merely of conifers but, in s' 'inc ca'C'. even i i ilecninun.' 
trees of fores: type. Sometimes such pauses were of 1 -.ic li' m 
as is showm by the age of tlie trees. The fore't gr''V. t't w.i' fre- 
quently very dense, for the peat is loaded, with stumps an.l !ir. -ken 
stems. A considerable proportion of the trees were C've-nmnel. per- 
haps by the wind, and sank unJecayed into the '"ft pulp. rix- 
ntoister conditions returned, the trees were drowned ami peat gr \ ih 
was resumed. This succession may be repeated several time-' m a 
single deposit. 

The benches may pass gradually, the one into the ether, c.r the\ 
may be defined sharply by partings. At times the parting cr.n'i't- .if 
Torffaserkohle or mineral charcoal, mingled with extremel}' fine 
mineral matter, the residuum on th.e surface of peat h.'ing expo?eil tr.i 
oxidation. Such partings mark a period of dryness witliout inva'i. .n 
ley forest, during which, the peat wasted. Rut partings of clay, 'ami 
or marl mark invasion by water carrving iletritus. After a perii.n!. 
long or short, the surface is again coveredi with Ahallow water and 
peat making is resumed, the parting serving as mur fi..r the new 
accumulation. The parting of Tcrtta'erk.hle and ash may he cen- 
tinuous with the thick parting r>f transported material, that when 
peat making has been resumed over th.e latter, the procC'S wouM 
extend over the thin parting ■: f wasted, peat. It is important to hear 
in mind that the thin parting is mure than equivalent in length .cf 
time to the thick parting. The new jieat, expanding Iw tran'gre"i. mi, 
required a periled fc.r advance; tlie jicat underlying the icirung . f 
tran.'pr.rted materia! may be strictly c ■nteniporanei .if tlir. .i;cb. .ut, 
except that the upper part is rejire'ented 1)_\ the ih.n piirimg .\ 
thick cover uf detrital matter may bring riccuimilaii. mi himlb. i, , a 
close in one portion of an area while growth coiuimic' m rmnilier 
f^and dunes in some localities wdthiii th.e L 'nitcd .^tatc' li.'ivc c. wered 
bogs of 'inall size so that n ■ farther incre.'i'C was ]i. ."ililc: but in 
the Raltic region, as shown by < lerman and Scand.inaviaii gei ilo.'i^ts. 
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duncb have cuvered great portions of the peat area, while other great 
portions have remained uncovered and in continuous growth. 

8. Expansion of peat deposits by transgression has been observed 
in all parts ui the world. Trees, still standing but killed by advanc- 
ing marshes, have been described by several writers in the United 
States, and the process of covering the stems has been made clear 
in preceding pages by citations from Scottish authors. In many 
deposits of wide extent, the fact of transgression becomes evident 
only after removal of the peat for fuel or during reclamation. The 
stumps of the invaded forest are laid bare, their roots still fixed in 
the mur of the deposit, while their broken and shattered trunks are 
prostrate in the peat, which accumulated around the trees and de- 
stroyed them by preventing aeration of the roots. IMany of these 
great deposits have no trees rooted in the mur in some portions, 
while those are abundant in other portions. The sturapless spaces 
mark the places tvhere the bog originated; those with stumps and 
prostrate stems mark expansion by transgression on the forest area. 
These features are characteristic of peat deposits in the British Isles, 
the Netherlands, France. Germany, Sweden as well as of those East 
Indian swamps which have been reclaimed for agricultural purposes. 

0- The effect of pressure on peat is to render it so similar physi- 
cally to brown coal that the contrast with normal peat is very great. 
Forchhammer, Jentzsch. Xilson, Lesqtiereux, Goeppert and Schreiber 
have written in detail respecting this matter and incidental observa- 
tions are to be found in writings by other authors. Even the long- 
continued pressure of peat itself in a deep deposit has much the same 
effect on the lowest layers. 

10 . Peat contains introduced materials of various kinds. Logs 
and stumps arc not of these ; they are merely the more resistant 
parts of peat-making plants, embedded in pulp from less resistant 
portioim. Fragments of rock, sometimes angular, sometimes water- 
uorn. have been rep<n'tcd from a few localities. The comparative 
infre(picncv of reference^ may indicate rarity of occurrence, localiza- 
tion within the peat or the indifference of observers. The facts avail- 
able arc so few that any ."UggC'^tion as to the origin of these frag- 
ments would be worthless. Often, there is much silt: at times, one 
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finds pockets of sam! or clay, cvi.ii nf irc.-li'A atcr :'.:i!c't< cic I'he 
liniejtoiic cannot be rcyardcE; a' cxtraiic. n-, td-r in all pr^ b:ibi'.;i\ it 
was formed sitr place in pond.- witbni I'ne 'uamp: bn; t'.ic ■ ‘tnicr 
materials are of foreign e.rigin aiul indneatc no ire < n Ic" i'a-ovcnt 
flooding by detritns-laden water In C' n'iE.cra’ilc arc.;', ib.e ^ n.tnnx 
is so great as tc) reitiler the peat i\ ■ rtiilc" : 'n ic.'n.cr' t'nc ■' .;icr..t: i- 
localized, as in lii-g.' of lake or pond, iirigm. wlicre tbe pi.c. tPe 
borders is Ciomnicrciary cvortlile'S, wink nflilwav in d’e b.i'i-' r. > 
almost free from mineral admixture, d'lie 'cteral bcncb.c' of j.c.ai 
deposit often differ notably in mineral-content. 'ho,\mc; N-a’-.a'.a n- 
in conditions during formatic.n. Ilctic' oif manr.nal'. 'heii^ of frc'li- 
water molliisks. remains of beetles an.i other insect; are I'l common 
occurrence. Peat deposits have yielded tlie best specimens ^ if T’!ei;to- 
cene mammalia; domestic cattle are often mired, m swamp' and 
whole troops of armed men have perishedi in Scottish swair.p' during 
flight after battle. 

II. The floor or mur of peat depo;its may consist c'f any mineral 
material not injurious to plant life. r)rdinarily. in 'wanips originat- 
ing in ponds, it is composed of more cr less nearly impervious .'tuff, 
clay, lake marl or Lebertorf mud. Where a depo-it has increased 
by transgression, the mur may be shale or even sand : but in the latter 
case the immediate floor is apparently tite cover of furcst cltal. the 
underlying sand having been rendered more or less nearly impervious 
by humic acid derived from the organic cover. The characteristic 
feature of the mur is the presence of roots belcrnging to peat-making 
plants. In original localities, where peat was formed in open area-, 
the roots are those of reeds, rnshe' watcr-lillies. etc. — the Rrihrriclu- 
boden of German writers being a familiar condition. Where the 
deposit originated in forests or encroached upon them, one hud' in 
the mur a tangled mass of rooti, oaks, conifers, alders, birdie' and 
other plants, from w hich the stems very commonly pass into the peat 
These stems rarely extend beyond the peat cover and thev are broken 
off at practically the same level. Where the deposit con^i't' nf 'cv- 
eral benches, each becomes in turn a mur for the next, and roots are 
distributed in the peat-mur as in the original clav or otlier mur; in 
each bench the stumps are cut off at or below the top of the peat. 
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It i.' 'ccniin^^y probable that the pause at the close of the bench- 
formatii'ir was lung enough to permit complete decay of exposed 
parts of tlie stems. L’sually. however, the decay was complete before 
the end ■ f the peat-forming period and one generally finds the upper 
part of the bench continuous over the tops of the stumps. The dura- 
liility of slumps and rif ^ome woods is remarkable even when they 
are exposeil. and it is much greater when they are buried in peat or 
in lo(j-.e material cisntaining much moi-^turc. Tint decay of the wood 
is much more rapid than that of the bark ; a stem may become hollow 
and the space may be fil!e(l with silt or satid holding leaves or remains 
of small animals, as Lesquereux. De la Beche and Potonie have 
shown. 

12. The roof or toit of a peat deposit may be as variable as the 
floor. -Vs in the latter one finds usually a gradual passage from 
the rock to the peat, giving a faux-mur. so on top one finds similarly 
a gradual passage from peat to rock, a veritable faux-toit. In this, 
one recognizes freiiuently roots, stumps and itrostrate stems, remains 
of the forest which covered the peat. But the forest was not always 
present : the deposit was buried before the cycle had been completed, 
so that one finds, mingled with the silt or sand, leaves only of upland 
vegetation. The roof may be of freshwater, marine or teclian origin, 
it may be sand. clay, marl or limestone ; the calcareous beds accumu- 
late slowly, the others slowly or rapidly. Erect trees, rooted, are 
found in the roof material, but unlike those in the peat, they are not 
all broken off at the same height. Where engulfing material is 
teolian sand not deposited continuously, the trees may adjust them- 
selves to the conditions and a long period may elapse before their 
death, so that the buried forest may remain in normal position and 
the erect trees may penetrate a notable thickness of rock, as in the 
Baltic provinces. When the material has been transported bv run- 
ning water, the accumulation may be less rapid, but enough so to 
kill the trees by rendering the cover too wet. The erect stems may 
be of any height, from mere stumps to a score or more feet and 
they may be surrounded by rocks of various kinds, sands or clays, 
in ma-s or in alternating lavers. 

Under the term " roof " may be comprehended all rocks between 
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OiiL- peat lirinzon a.iiil the next. \ er_\ • ftcti ''re tiii a ■.:i U'.' mtctviu 
alternation of land, fre->li\\ aicr tiirl n.’-arine' O' !ii.iii''n>. 1 o.c 
ate I'laoi mat' be clay jnccee-iied in >aiid. b 't;i src'h.n.iter 
but L'.n these may rest sand or marl with ^liel'' "f T..:nil-ar uairme 
mollusks. The sand? ire'jueiit’y contain tr.in?p, re"- am.' oi 

plants, in Seame case? trunk? of tiee'. pr ue. inclmeo i r e\e:’ 
approaclnng' tlie vertical and accompanied, at time' h;. li a.ic? of eari- 
ous mammals, with land., freshwater e-r bracki'h water 'liell' t lu 
plant remains usnallv dift'er from those in the peat, and; ilie'-’ apf e;,r 
to I'.ave ceme from undwrniined banks of ri\'er?. An in:ere?f,n,u ami 
bv no mean? unC'Ommon feature is the occurrence 'oi “ soil' rn’ vege- 
tation," bearing remain? of fore?i growth, there being an acciim.nia- 
tiion cf forest ott'al about and between tiie stumps. These mark ex- 
piosei.l surfaces on wdtich tree? grew but wdiere swampy, peat-fc-rmlng 
cond.itions did not prevail. Erect as well as prostrate trunks are 
present, all enveloped by th.e mass oof sand or clay which buried, the 
old soil, 

13. All area- in which peat accumulates liave intperfect drain- 
age : the streams are usually sluggi-h and are easily diverted. The 
peat, at times, encroaches on the channeKvays and eventtialiy fills 
them. This com.lition is recognized readily when the section is ex- 
posed in e.xcavations for reclamation canals, for the ?ilt 1 'r ?and 
forms a "roll" on the bottom, narrowing upward and cove.'cd Ity 
peat. Sometime? a new channel is formed during a florn.l and the 
sand-laden water tears away the peat, sometime? to the bottom, giv- 
ing a ■■ roll " in the roof, which narrows downward. Similar condi- 
tion? are not rare in interval rocks between peat hotizons, buried 
chaunelway? being of freeiuent occurrence. Tlii? ci >ntcmporancnns 
ero?icin marks the existence of land surfaces. 

14. Plants growing on peat show great adaptability to clianging 
conditions. Birch require? that the roots liave free access to :iir, 
but C. A. Davis states that he has seen liirch ni.aking tliriftv growth, 
where the roots had iieen covered during two growing ?eason' liv 
a foot of water. Shaler descrilied the liahit? of Ta.rodiiiiii dis- 
tichuDi, the familiar cypre?? of our southern swam])?. Wliere the 
region is dry, the plant 'hows no peculiarity of root structure; imt 
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when it grows in a swamp, where the roots are in the saturated peat, 
covered with water, it puts forth the curious " knees," which 
project beyond the water surface and provide means for aeration. 
If the water-level be changed abruptly, ^o that the knees are sub- 
merged. the tree dies, as appears in the Xew iMadrid area, where 
during the earthquake of i8ii. the land -ank and the swampy area 
became a lake. N'yssa is provided with an equivalent protection 
for aeration. Conifers are found far out on the wet sedge-mat, 
which floats on the surface of a lake: but they grow slowly amid the 
untoward conditions and usually are overturned by the wind before 
attaining great size, as their roots are radial and very near the 
surface. Capp's observations respecting conditions in the White 
river district of Alaska are thoroughly illustrative. Peat as a soil 
is not repugnant to plants. The acid character of new peat is 
offensive to most of our deciduous trees and to many other plants ; 
but many others, among them majestic trees both conifer and 
deciduous, thrive best on the damp acid material. When a bog 
ceases to grow, the thin upper layer becomes freed in considerable 
measure from the acid and the moisture ; usually it is occupied 
quickly by the ordinary forest trees of the region, though the 
saturated peat may be only a foot below. The roots of these trees 
are radial, creeping near the surface. 

15. Peat, deprived of moisture and exposed to the air. quickly 
undergoes change. The soluble cementing material becomes in- 
soluble. or is removed, the mass becomes pulverulent and is apt 
to be swept away by the wind. The vast reclamation works, which 
have converted swamp areas into agricultural land, have exhibited 
the changes on a grand scale. The natural conclusion seemed to 
be that peat has been formed only to waste away. But this is an 
error. Peat has been formed to be jireserved. Peat deposits in 
Scandinavia, Germany and Great Britain have existed since the 
Glacial period and in not a few localities they are still growing. 
But the growth has been interrupted many times and for consider- 
able periods ; the surface was exposed, but not long. L nder ordi- 
nary conditions, shruljs and trees advance as the peat surface dries 
and the Waldmoor or forested l)og is protected from waste. Under 
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(jtlicr 'ii-., i!k‘ may he cuvcreil hv niiiural mau-rial'. as 

Lin the IliwUlihI oi i Ix-lttium aiiil l-'ra'.icc. .;n>l wa'te hv 
oxiiiatiun !■' yret cnicil. lU one ii’ctlioil nr tlie clhcr th.r i'cat 
prcsctL'ci n ii IctnntL'.L i nv the I'lrm.tr ntei.a’i.. IiIl i.* ar.n.ta ■ ' imTea^c 
Ilf I'L'.it i' :i"nrL-'l in mn-i ca>L'-, a^ the utl'IciI 'tirf.^ci .i^.iin hc- 
CLinic' ’.rar.''i_\ an-! peat ]iri ulucti' 'U a’ a 

fnixst riii> cycle ha' heeii repnrtnl asta’P a'l'i cc.!"’ l”i.'ii juat 
liny-' of iiLirthern IfurLipe. The thicknc'.' nf a ilepn-n, I’apLini'. nthcr 
thinys bciny eputil. npnn tlie pcriml nf yri.iwth; the •.Iv.ckc't Fcpn'it' 
rcportcil arc thi.^e in Alu'kti aii'l in tmpical <inil 'Ul iio ip'Ce.! layiL.!' . 
in those rcyinii' clima.tal chanye' h.ave hccii comparaticLl} -nr. 11 
since the (Jtiaternary beyan. 

i6. The compo^iticin of peat depcnil' ordinarily npi.iu it~ :iyc, 
that at the bottom of a deposit not L'lily approtichc' complete di'in- 
tegrntion, >o thtit to the untiided e_\c it show > no trace of oryanic 
structure, but it aUu is far advanced in carbon-enrichment, b'et 
peat from neiyhhoriny localities, where CLini.litions 'ceni to ha\'e been 
similar, may ^how yretit dis?iniilarity in compo-ition : one lind' 
strange contra^ts even m the benches of a singde depo^it. for some 
may be far advanced while othein coii'i't of alniO't nnchanyed 
plants. This study is not concerne-d with the procesSc- involved in 
conversion of vegetable matter, so that one must be content with the 
statement that some benches were buried when tho-e processes had 
been checked at an carlv stage and that apparently no progreL- has 
been made since burial. The carbon in peat may vary from little 
more than 40 per cent, in the topmo-t layer to 44 in the next — tlie 
fir-'t used for fuel — and to 64 in the lioitoin portion'. ];lut in buy' 
where the .'Urface growth has cea'cd or lia> lieen unimpunaiU fur a 
lony period, the part immediately lielow tlie 'urface ni.av have ;S 
to Co per cent. Oxygen shows similar variaticin ; there beiny V to 
40 per cent, in the highc't part n=ed for fnO while the nlde't. 
densest portions may have only 26 or 2J per cent. The urdinary 
fuel peat has from 57 to 64 per cent, of carlion. Tbeii'itv i' not 
evidence of advanced change; the dense, hard, hlack Schieferki ihle 
of Utznach, compre''ed by the heavy cover, h;i' yd per cent of 
carbon and 36 of oxygen. 
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1 he a>h is extremely e-ariable even in a single deposit. Only a 
'inall proportion of the peaty material on the earth's surface is 
good enough for fuel and a great part of that now forming is little 
better than carbonaceous shale, with 25 to 50 or more per cent, of 
mineral matters. At times peat is found with less ash than should 
be expected, le?s than that contained in the original plants. Solu- 
tion has made possible the removal ; potash and soda are usually 
pre-ent, but in small quantity, the greater part having been removed. 
Lime, iron tind alumina arc always present, though in exceedinglv 
variable proportions, this being due perhaps to the character of the 
drainage area — but tjiis suggestion is not always satisfactory. 

At many localities, the organic acids in solution have become 
a cementing material, more or less disseminated throughout the 
structureless mass, dopplerite in peat. Carbohumin in Schiefer- 
kohle. In peat, it is gelatinous, but after the water has been 
removed it is hard and insolulde. It has reached the latter condi- 
tion in Schieferkohle. 

Resins, waxes and paraffins exist in peat, from which they can 
be extracted by solvents. They have been derived directly from 
the plants : there is no reason to believe that they were formed during 
the conversion into peat or that they were introduced from an 
external source. 

The Terti.\ry Coals. 

Tertiary coals, of the ordinary types, are termed Braunkohle in 
Germany and Austria but in France and English-speaking countries 
they are known as lignite. The passage from peat to brown coal is 
extremely gradual and occasionally, as indicated on preceding pages, 
determination tif the relations is merely a matter of personal equa- 
tion. In Europe generally the complex group known as brown coal 
has abundant points of similarity distinguishing it from the 
Palaeozoic or stone ’’ coals, so that, as ilesozoic coals are com- 
paratively unimportant, the effort there has been to ascertain why 
brown coal and stone coal are so unlike and to discover reasons whv 
the former could not be converted into the latter. But in North 
America the condition is wholly different, for coals of all tvpes 
from wood-like lignite to bituminous, even to anthracite occur at 
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tinie> within ;i .-.iiiLtk- ili-irici. :n a 'iiiutk Xfl nr l\c:i w’tl.ai ih.c 
limit.' of :i -int;'!.- u-tatc ih.c trn::'. nm Aic iii tit' 

is -'U grtidiuil that chcmi-t-- aiih; "Lnii n: Xn— J.i .xm'.ra': 
labored to di-'eajvcr >omc mean.' ot ih't'tiem'lrra; them. 1 i\ ; 
lem i' no lony'cr one of nieriU ab-ltaet nr 'e’e!it:; e mte-a-'i n 
of the utniii't piaictiea.I impurutnee, 'ir.ce v.athm .. \.i': :.n,a 2;a I'-i';', 
^ollrce of 'itppl}’ 1' ni ilie Terii;ir_\ .mil L’ppvr ( •a-taeoiU' Re;'’-”,' 
d'he eiiort i- ti > d.eterninie dli'tiiictiij:i' v.hiedi \' i’l b-. .nab. mb 
both the -eiler andi tlie pnrcha.'er nf fixh 

In m.iot work', the chtirticter’.'tiO' of lirin'.ii eo _> .na 
derinitive!}'. Tlienteh in inti" the color may be b'.ick. >et ti 
powdered material lias a bro,\n tin:: tite coi-.w;-: i.f .\au.- n 
siderable and air-dried specimens retain lo per cent, or e\’e,i :nuc!i 
more, .so that brown coals liave been terinei.l h\'droU' : jorntiny or 
cleat i^ ^\■antlng■ or at beet ill-derhied : the water in ;iir-<lr\ .ng e-cap'' 
through ^hrInk;^g■e crack.- or aleiiig bei.iding phiiie.- and the coal fail- 
into small fragment-: brown coal.- da.) not coke: ,-olution of cau-tic 
pottish attack- brown coal and ;iciniire> t; reeld,i?li ijr browni.-h tint, 
brotvn coah contttin more carbon Ukiii [leat but notably le>.- than 
the ?tone coals. 

These features are characteristic of brown coah in general but 
they are not wholly distinctive. Some brown coals yield a black 
powder and some Carboniferous coals give a brownish powder: 
many Carboniferous coals retain more than lo per cent, of water 
and there are Tertiary coals with very much les- : there tire Terti;irv 
coals tsith verv di-tinct cletii while there are Ctirhonife-rou- co:il' in 
which cleat is very indefinite: there are Carbisniferou- ceal- in c.x- 
ten-ive tirecis wlio-e included water e-cape? tilong the bedding plane- 
and the coal break.- first into .-Itib- and then into -intill fragiiKni-: 
a very great projiorlion of k'arbonifcrou- coal- do not cake while 
there are Tertiary coal- whicli yield good coke: cau-tic jaai,a-h -olu- 
tion attacks many Carbianiferoti- coal-: tiie carhun-ea.'inc’u i- ;a 't 
definite. In tact, the passage from brown to -tone coal i- ;i- grad- 
ual, chemicallv, as that frrm the growing later of jjcat to Iirown c.stil, 

A proper examin.ation of this matter will he in pi, ice onlv aftcr 
-tudy of the Take zoic cisal-. For pre-eiu ]iurj)o-e-. the cla-'ifica- 
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tion by Hoffmann’"" must answer, tie recognized a gradual change 
ill the chemical and physictd character of the upper IMesozoic coals 
from east to west within the Bow and Belly river region of western 
L'anada. In the eastern strip of that district, the fuels have all the 
characteristics of lignite ( brown coal ) : those of the middle strip are 
intermediate between lignite- and true coals, the latter being found 
in the we-tern strip : while in the mountains, farther we-t. anthracite 
occurs. -Ml belong to th.e same general horizon in the L'jijier Cre- 
taceous. Retisoning from the series of analyses which he had 
made, he grouped the fuels into lignites, lignitic coals and coals. 
Lignites are fuels which, on exposure to the air, tend more or less 
to disintegrate and to fall to pieces : they all communicate a deep 
brownish red to boiling solution of caustic potash and contain lo to 
15 per cent, of hygroscopic water, sometimes even more: they do 
not _\-ield a coherent coke. Lignitic coals show much less tendency 
to disintegration, give less deep coloration to the potash solution, 
have less hygroscopic water, 5 to 9 per cent., and are practically 
non-caking. Coals are hard and rirni, give only slight coloration 
to the solution of caustic potasli and yield a non-coherent coke by 
slow coking, but a firm coke by fast coking. In tlie relations of car- 
bon, hydrogen and o.xygen they closely resemble some British non- 
coking coals. This grouping is very similar to that used by the 
L'nited States Geological Survey, which is. lignite, subbituminous 
and bituminous coal. 

Coal has been found in all portions of the Tertiary column. 
Pliocene deposits of some economic importance Itave been found in 
Italv, Hungarv, Germany, Xew Zealand and -\laska. The Plio- 
cene coals of Hungary, Bohemia, Germany, Bosnia. France, Spitz- 
hergen, Iceland and Greenland as well as those of Trinidad and the 
adjacent portion of South .\merica are of great extent; coal of this 
age has t)een found in Central -\merica and occasionally in North 
.\merica, but the deposits are apparently unimportant. Oligocene 
coals are mined extensively in Hungarv, Germany and Switzerland, 
but thev have not been recognized definitively in North -America ex- 

i''" G. C. Hoffmann, " Chemical Contributions to the Geology of Canada,” 
Rep. Prog. Geol. Surv. Canada. 1882-4. Pt. PI, pp, i, 2, 5-8; .\nn. Rep. 1888-9, 
Pt. R, pp. 9-18. 
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ccpC ill wc-tcni CiLiKiila r.iiccno cuaU aic j'a~L!!l in IFiWina, 

Austria and 1 iii!iy;ary, Inu. f tiic n; 't ia;;. ;;ic .iia i- .na ins si- 

^ilk■rabk‘. Ik'iiusits iif ihi' at;c m lialia. Ia\... Sninalra ..iid nisna.i 
arc ivcll known, while iho'c of wc-tern Xonl; America .aa- I'la 
main 'cnircc of .'Uj'jilv lor a va't aiaa. 

C’jss-.fh'in:- 'll 0/ 'fcytid,- — A- -'.a d\-;i..-_' 'a .'.ii , 

liave 'iiiipKcdi a ai’cai par; of tiw fia' co;.-"- r' ' ..'i .c 

nnic’n of rraiicc ilnriny more than :\\o ce'tirie-. I’a'. ,;m ’.wi 

cla-^'ihctl to tile la-t decree of d.ctai'. !‘.i-o;mu'.irt -asoan.-.e/ f . 
tt'pc". 1,'aiiitc ia\ct. wm.cn nc titoii^nt c‘,;;i\ a,ki;t ; ^ 

thciuyh it is eviuent that lim rcfcrcima i' to tile n'o.m-.i! jet . La’ ite 
friable, la iisiuille hm.oncnse e-f Bnocliant. regarded; 'o_s '.tint a^ '■ • - 
onyn’jtius -with th.e dlenr.an dfoorkeohle: Lignite ribrenx. witiedi reta.n.' 
the W'OSMly structiirc: Lignite tcrre'a.x. bitnininose Ils'izerd.c, c 't-.- 
miMily knsiwn as Terre ele Cskagite. biae'k tsi hlacki-Ii bro.vn, with, riite- 
grained earthy fracture, msotiy homogeneou--. but Containing eiii- 
heddedi trunks of tree'. 

Zirkel'.'-'"- gr'.ruping utilizedi the ps.pular nantes a' enip'.siyed hi 
Germany: P'echkohle. coni]>act. I.irittle, pitch-biack, waaxy or grea'}' 
luster, conchoielal fracture: apprcjaches .'tune cseil but m 'truetttre- 
less : Gemeine Braunkohle. or Cismni'jn brown cjal, ccinipact wit'.i 
more or less concheddal fracture, less hard and brittle than I’eclt- 
kohle, blackish brown to pitch black, with or withe, ut woody struc- 
ture. passes on one side into Pechkohle and on the other into iMosc'- 
kohle. a dense mass even in structure, black with bright streaks, i' 
closely related to Erclkohle. or earthy brown cc>al, which is a frialile 
mass of dnst-like more or less luosely eons( jlidated fragiiieiit'. with 
dull luster and earthy fracture; Lignit or wood brown co:il. in 
mas^es -.howing texture of wood. tw’g'. tiowers, rout', etc.: Iki't- 
kohle and Xadelknhle are merely varieties of l.ignit: I ll.itte' koine, 
Dysodil and Papierkohle are finely laminated; W ach'kolik- contaiiA 
62 per cent, of paraffin. 

Zincken*'’^ presented a somewhat similar cla-sihcatioii but in sucli 
detail as to exhibit sufficiently the .great cc.nipk-xitv oi the group 

A 1 Brongniart, “ Mineralogie,” T. 2. pp 50 ft' 

I't- F. Zirkel, “ Lehrbuch der Petrographic.” P.d I, pp 

f'sC. Zincken, “Die Physiographic cler Braunkohle,’' pp. 16S ff. 
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kniiwn as brrjwn coal. The terms, for the most part, are those in 
popular use, showing that the distinction between the several mem- 
ber.- i- notable. ( if Gemeine Brannkohle, in more or less hard 
mas-es, with or without trace of woody structure, brown to blackish 
bi'Liwn. with bright streak, dull fracture, breaks into irregular angu- 
lar fragments, is intermeiliate between Erdkohle and Pechkohle : i 2 i 
Erdkohle, earthy brittle, yellowish to dark brown, wholly amorphous, 
much cleft by drying, alternating bright and dull laminte, the former 
more common in the upper part of beds while the denser varieties 
in the lower part of the bed give a shorter flame. The varieties 
are very numerous : Schwelkohle. very bituminous, resinous, yields 
tar. illuminating gas and paraffin : Schmierkohle belongs in the 
upper part of beds and when damp feels like clay. Colnische umbra 
is an earthly brown coal utilized as coloring material, Russkohle, 
earthy, dusty, of irregular occurrence; (3) Lignit, masses of wood, 
more or less fossilized, passes over into ordinary brown coal, is 
yellow to dark brown and breaks like wood, may contain patches 
of Erd-, Pech- and Glanzkohle. some lignits in drying become 
Pechkohle. It is derived mostly from resinous trees, the stems 
being flattened by softening and pressure. The varieties are nu- 
merous : Bastkohle forming layers or parts of layers, more or less 
of bark structure belonging to Pinns. Taxiis. AIiius, etc., Xadel- 
kohle, bundles of tissues of palms with parenchyma removed; (4 
and 5 ) Dysodil or Papierkohle and Blatterkohle, in very thin lami- 
nx : ( 6 ) IMoorkohle contains abundance of remains of swamp 
plants as well as compressed woody roots, small stems, etc., usually 
associated with deposits of lignit and occurs in the lower portion 
of the bed or tills spaces between the stems: (y) Pechkohle, dense, 
more or less brittle, rather tender, breaks into sharp angular frag- 
ments. black brown to pitch Itlack, dull pitch-like to greasy luster 
and irregular to conchoidal fracture, passes over to common brown 
coal on one side or to Glanzkohle on the other ; sometimes it occurs 
in i\Ioorkohle, while at others it includes thin to 5-inch layers of 
Glanz-. derived from conifer stems pressed flat; (S') Glanzkohle 
is dense with conchoidal fracture, is blackish with greasy, vitreous 
or metallic luster : sometimes it forms whole hods but it is often as- 
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Sdciatc'l with other t\[ie,- ;iiu! not i\irel_\ one ntiii-. '..iirti.i- ni ( il.m/.- 
tikernatiny with t’riU>e of ihill coal. ^:\ir.t; a huui'n.i ..p; iLaraaec to 
the >ection. Thi:? i' the h.tlrlle^t variLt} oi hrov. :i e^ed .e.rl i' de- 
riveil prevai’iiit;’-''' frotn rc-'iitor,- ioi ii..'. i.t ' r _Kt. i’.eO'e, 

b.tiril but not brittle, rieltlv hittiniinoit-' 

b'ijit (.biimliei' ■ wa^- >a:i'fie.; w itii .i ;ni;eh ebi"' lie.i; ion 

lIi^ >iibi]i\ i;.iein> are Littnit, I’eehbolile. l_\pie..l i ha.m ib^ 'h.b . e, Ineh 
ineitules all the other var-.etie' "f aittii r,- lie a.i'ih I e.-L-'k .'.iX. 
the .'.nnie v. ilh mineral cliarcotil or fu^a’n. 

Tmtla's’i"' .-.tern is a.' 'in’.ple a- tinit of v. l.■r•^.'•e', b".i p'."'ie 
(liii'erent in the method of ttroiipintf. idlanz- .md reel’.kohb, ..re 
varieties of the black coa.ls ; Xloorkolile in matiy v.at'' re-einbie' 
peat; Blatterkohle or Dy^odil and. Lignit a.re dehneki lye h.n’i by 
other writers. All are tdlieil clo.edy to typei of materials i.ib'erveJ 
in peat deposits. 

The array of terms i> formidable, but the condition i- Ic" coin- 
ple.x than it appear^. .\ bed never consists wholly r,f any laie t\pe: 
ordinarily several kind' of coal arc found in a singde hcd. where 
those most in contra.'t tire often found in intimate a.''Ocialion. 
The great variety ^hows 'Ulticieiuly well that the term brown coal 
or lignite is applied, to a group of substances clittering in mode of 
occurrence as well as in chemical and physical character, among 
them some closely allied to peat and others which bear great re- 
semblance to the Pakeozoic coals. Owing to the great diversity 
in conditions, it is necessary to present descriptions of depo-its in 
the order of their age and in some detail, reserving until the close 
an effort to determine the features which are in common. 

The Pliocene Coals . — Descriptive notes re-pecting the T'lincene 
coal' are coniptiratively fewa Some of the dejiO'it' are on the Imr- 
der line between Tertiary and Quaternary, -o that tlie age i' in- 
determinate. Collier^’''’ discovered an area of this kind near the 
palisades of the Yukon River in Alaska. Bluffs of 'ilt and gravel. 
150 feet high, line the river and contain so many bone' of large 

C. W. V, Gumbel, " Beitrage,” etc., pp. 139 ft'. 

1 ""' F. Toula, " Die Steinkohlen,” Wien, 1888, p 18 

.A.. J. Collier, “ The Coal Resources of the Yuki.n, .Mn'ka,” U 8 Ceol, 
Survey, Bull. 218, 1903, pp. 43. 44. 



STK\'EXS( )X— IXTERkKLATIOXS Ol' THE EUSSIL FEELS. 125 


nianmiaL that the depo'it is known as the " bone yard." Recent 
land andi frc-liwater -liclls as well as cones of a Ficca, like those of 
tlie Yukon .spruces are associated with them. These silts and 
jt'ravel' enclO'C lieds of vegetable matter, one more than 20 feet 
thick, in varied stages of conver'ion, from piliable wood to brittle 
brown lignite. A> a whole the >imilarity to recent peat is very 
cln>e. L oilier’' description 'Ugge't' that the deposits mark sites 
of llooihplain sWi'Linp', more or leS' forested and subject to over- 
tiow s by hoods which, like those of this dav, left behind sands as 
well a' the trees front undermined sandy banks of the river. 

Haast-'"“ saw at several localities in Yew Zealand, deposits of 
lignite or " lignitic brown coal." belonging to late Tertiary or in 
some cases to early Ouaternary. At one, the bed is 3 feet 2 inches 
thick and the coal retains the woody structure ; at another, he 
niea'ured 14 feet of brown coal while at a third, the section shows 
numerous beds. 2 inches to 5 feet thick, separated by hreclays, shales 
and porphyritic tufas. Some lignites are distinctly ancient peat 
bogs while others are com{,>osed chiefly of timber. Hutton^'’^ recog- 
nized undoubted riiocene lignites at many places in southern Y’ew 
Zealand, especially around the margins of old lake basins and in 
river valleys, which e.xisted prior to the great depression of the 
newer Pliocene. Occasionally, one finds well-preserved stems and 
usually the vegetable origin of the material is distinct to the unaided 
eye : but. at times, the mass is compact, brown, structureless and 
cannot be distinguished from brown coal. The thickness at one 
place is 30 feet; but "like all lignite beds” the deposits are local 
and not connected. 

Hantkcn'''' states that in Hungary the Pliocene frecpiently con- 
tains lignite and that the deposits are freshwater, holding Unio and 
Paludiiia. The beds arc broken by irregular partings and vary 
much, even abruptly, in thickness and quality. One bed has 8 
benches of brown coal, in all 3.5 meters, with 7 partings of clay, 
the whole thickness being 6.36 meters. The lower benches are 

uu J. Haast. Rep. Xew Zealand Geol. Survey for 1873-4, PP 14 . I 5 
F. W. Hutton. ■' Geology of Otago,” Dunedin, 1875, pp. 96, 98. 

ISO yi. Hantkcn. "Die Kohlenflutze und der Kohlenbergbau in den Lan- 
dern der ungarischen Krone.” Budapest, 1878, pp. 341, 343, 352, 353. 
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harder than the tipper uiie'. At ait'^th-er p'aoe. th.e Ft i e i>>t^ 
C't Itrown coal. 7.5 nietef', cla\ . o j; nietrr. ’''’’i iv, n cicd., ''-’5 nnicr 
The liiwer heiich i' hard.cr anil i>i.iti.r tli.Lii Fa upper icie. '.'.Inch 
crowded with 'teni' of .Vc./aoa; lar.^isJ. •)■'-. I he r.ne c w ’th. 
inipin."ir'n> of pl.nU'. 

\ on Amnion ' ^.a^ de'cnhed the ( : m:e. ne..r ' aomiew; 

a.M, in Caeana, a- \ield;ng Miie- and M- oh ih .wtii mein .l 1 
Li^nit I bitunnno>e Hulzi. Thi' cliiel hedi. innh r!_'. me nm'W I'.io- 
cciie cla\', is front 8 to if> meters thick .ind w nnned in I'pi,:. e.i’ch- 
ings within an area of tihoui _>.OoO ticre' 1 Seio luin \t >ch,', .’•/e".- 
feld, the workaiile coal hut 2.5 meter' tlnck aiul c< wai'n- n.ic. 
far from lO per cent, of wouil. In all ctoe-. the oh-er’. er ..ppi-.n'- 
have been impressed profoundly by tile reoeiitblance cu’ tlic'C d.ejio-it- 
to peat beds, both in structure and m da'tributic'n. 

Miocene Coals . — kiarine condition' [irevaileil in the prc'cni 
coa.'tal plain along the Atkintic in Xorth America during the .Mio- 
cene and conditions favoring accumukaion of vegetable matter dal 
not exist in the adjacent region, for no coal has been found, lliu 
the vegetation was there and swamps were on some of the streams 
Berrv^'^ discovered the remains of ;i cypre^' swtimp near Ricnniond. 
Mrginia. associated with the well-known diatomacenU' earth of that 
region. Among the characteristic plants tire Ta.coJiu)i:. Xys.a. 
Sali.v. Quercus and others of types familiar in m. '..iern cyprc'S 
swamps. The conditions for some reason were euually unfav-’r- 
able elsewhere on the continent, and no coal positively identihcd as 
iMiocene has been found anywhere in economic quantity except 
within a pettv area in California. There.’"- in the Monte 1 )i:iblo 
range, is the bed. which was mined long ago and for nitiny yetii' 
was the chief source of fuel for steamboats. Ihe bed. tw me.i'tired 
by Arnold, is 14 to 16 feet thick and has a dip of about 70 degree' 
The coal varies greatly in quality both vertically and hririzontalh'. 
specimens from some openings being, in compo'ition. verv nimh. 

It" L V Ammon. “ BavL-ri^cho Braunkohk-." etc. jip is-ai. eh. ey 

lit E. \V. Berry, “A Miocene Cypress Swamp." Terrexa, d’nl. \ in , 11,10. 
PP- 233-235- 

wti R Arnold, "Coal in the Monte Diablo Ran.ce.” U S, (deal Survey. 
Bull. 285, 1906, pp. 223, 224. 
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like liiiiiniinou? coal while thoJe from others are lignitic. There is 
a niarkLil variahility in the percenttige of ash. In burning, this 
coal gives (jtl an enormous volume of smoke. 

Tardee'"' has recorded brief notes respecting deposits in iNIon- 
tana, which appear to be on the border line between iMiocene and 
Cdligocene. They are lenticular and coii'ist of remains of vegeta- 
tion. which grew on the flats, mingled with silts from the muddy 
water which frequently flooded the spaces. The coal attains a maxi- 
mum thickness of 7 feet, is banded, with alternating bright and 
dull lamin.'c, has bcmi-conchoidal fracture, -plits along the bedding 
plane- and has two sets of joints, inter-ecting at right angles. It 
is Usually dense and brittle, but at one mine some of the layers are 
rather tough and woody. The streak is brownish and the coal tends 
to slake on exposure. The dip throughout the region is gentle. 

The iMiocene coal of Greenland was discovered long ago and it 
has been utilized in a small way. Brown''* gave numerous sections 
from one area. The important bed of the region explored by him is 
on Heer’s creek, where it is double, showing coal, 2 feet 6 inches, 
shale. I foot 6 inches, coal, i foot. The coal is but slightly coherent, 
has cubical fracture and breaks down readily on exposure. Retinite 
is abundant in lumps from mere specks to the size of a marble. 
iMany stems of trees are in the upper bench, but they have been 
replaced with chert. Somewhat later. Heer'"' described a bed of 
coal near Discovery Harbor, 25 to 30 feet thick and with extreme 
dip of 10 degrees. The overlying black shale is rich in plant 
remains; among which, as in Spitzbergen. conifers hold the first 
place, ten species having been recognized : w ith them arc eight species 
of dicotyledons, belonging to families u-ually well represented in 
swamp floras, such a- birch, elm, waterlilly and other types of similar 
habit. Heer regards the whole assemblage as indicative of swamp 
origin for the deposit. The coal falls to pieces readily on exposure: 

ir ' J. T. Pardee. “ Cnal in Tertiary Lake Basins of Southwestern IMon- 
tana,” L'. S. Geol. Siirver', Bull, s.tl G. pp 11-15. 

‘ R Brown, " Geological Xotes on the Xoorsack Peninsula.” etc., Trans, 
(icol. Soc. Glasgow. Vol. V.. 1877. pp. 91. 95. 

’■■'O. Heer, "Xotes on Fossil Plants Discovered in Grinnell Land,” 
Quart Journ. Gcol. Soc.. Vol. 34, 1878. pp. 68-72. 
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l)Ut the aIla:v^i^ ui r.n air-ilr:eil '{.Leinieii h\ R. I. Mn" nii 

I’. 503 (ir the VLilinite ju;t citeil. 'I’ld'A- ii.r .t a i.'-ii.i'i iiiit 
freiai that of a \\ o’.I-adva.r.ee'i hiti’arhrii'f' C' '.d. : Watir. j.'i; a'h.. 
8,41 1 : cariji'n, 82 ejj- : h.\ ''.rrwei'. ''.15: t-ai.: ei". !■' ^7 

i he Cl 'ti’i ]>cih ■'! L ' ai tha \\ i -t t 'm;'. - a a, 

ilej'Cisir i_>rie;;aa;'\ C'etthnaitt' '• atthw a'a: :n \ e:!i_ -a'A la, ' i. • 1. a ea \ 
lies tin area i‘t n l R" thtut 31 '.1 anj ,'i|i',are 1' > ■[ .1 , 

iiuh irt>at X. h. Ill licereL'. Aliere t.’e e aeatc '.ari’ie t i. d* 'K' 
\va' intensely triajiieal. a- it .'till i'. Th.c iiewer I’ar.a.n er-"' i- 
fauna ailted to that "f the A'lucene tiit'i th.e e"al hi_,X aua :r e hi.'.i.:- 
members, tlte CaPtni anal th.e iNharmta Th,. 'e ■'•f th.e !■ n e-, ft' m 
mere films to 4 feet G inche' thick, arc well 'Inovn in tlie r ter nr 
ttltere the upjier beds, with elifa o: 15 ile4ree'. are ili'fuctl}' liene f'. 
blit the lower beds, with dip of 40 50 ileeTee-. aiw. O' t'’e n.i'-'e'i 

e_vc. structureless. X'o roots were recogiuzed in the unilercl.i;.' Th.e 
IMc.ruga beds are not important; freruiently thee ttre little better tit.-ui 
carbonaceoim ?hale. --\t two places. rC'Ot' were reeti " rectangn.Ia’- i > 
the bases of the strata." The accompanying ruck' in h th d;i\-i'^ ;w 
are chiefl}' shales, but the Caroni contauw a tiiick '.ui'l'tone w .tli 
ripple-marked surfaces. 

Returning to the north, iinpcirtant diepitisits r.f cisal '' itave heen 
opened in the iMiocene on Advent Bay. T!ie be'f i- triple at 'O yinX 
from the crop, showing coal, i foot S inches, clay. 2 to 4 niches, c ai. 
I foot 7 inches, sand. 3 to 5 inches, coal, i foot. 

In the upper benches the coal is liard. gra\'i'!i-black. imperfect’}' 
laminated and with a somewhat conchc.itla! fracture The bottism 
bench is b’ack. laminated, rather hwtrou' and teiid< ti ■ be pri-matic 
hlineral charcoal is present in considerable quantitv. In iieiieral a:i- 
pearancc. coal from the upper benchc' is nur'tly siilint-like Inn ihat 
from the lowest liench is remarkably like ordinar}' bituniinnm C' la! 
Air-dried specimens contain less than 5 per cent, of water. Cau-nc 
potash solution attacks the coal throughout and acniure- a verv m- 

in; G. P. Wall and J G. Sawkins. “ Report on tile Geoliiciy of Triniil.afl,’’ 
London, i860, pp, 41-50, 

J. J Stevenson. "The Jurassic Coal of Spitzhercen," .tui], X. T .-find 
Sci., \'ol. XII., 1895, pp. 82-95. The assignment of thi' coal .to the Tiira-sic 
is an error : Xathorst has shown that it is Miocene. 
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tciijc coloration. ( ni the- pure coal basis, the upper benches contain 
alin.osi 10 per cent, more volatile than that from the lowest bench. 

1 he SutarbranJur of Iceland was described briefly by Jardin.^"- 
Robert iiad supposed that these deposits consisted merely of drift- 
w ' < 1 . liiit Jardin recos;nized that the (inantity is too great to admit 
"I that explanatrm. The beiL are numerou-, lia\ ing been seen on 
all Clla^ts except the southern; thev are horizontal and their thick- 
ne^,-< is from mere flints to 12 meters. The material is sometimes 
compact and free from mcirganic admixture, at others, it is frag- 
mentary. mingled with pebbles and dirt while at others still it is 
almost pulverulent. When compact it consists of alternating dull 
and bright laminte. IMouchet's study with the microscope showed 
that this coal is derived chiefly from conifers. 

Geikie^’'^ states that in the Faeroe Islands coal of INIiocene age 
is associated with dark carbonaceous clays and is more or less len- 
ticular. The formation is lo to 15 feet thick on the island of 
Suderoe. where he observed twi') types of coal; one is bright, with 
glassy fracture, not soiling the fingers and not unlike some of the 
Scotch parrot coals ; the other is dull, hnterless. soils the fingers 
and shows vegetable structure. These alternate in the seams but the 
dull slaty coal is more abundant than the other. Tohnstrup. cited 
by Geikie. held that every lens of glance represents a flattened stem, 
in which annual rings can be seen. Geikie found this not true of the 
thinner streaks and threads. The glance coal has 12 to 14 per cent, 
cif water and onlv 2.5 per cent, of ash ; whereas the better quality of 
the slaty coal has ii to ip per cent, of water and 10 per cent, of ash. 
The conditions reseinlde those in the Scottish coal fields, which led 
Geikie tc. suggest that the coals are ilue to gradual accumulation of 
diltercnt plants or of ditferent parts of the bailie plants. 

I'ournct’"'^' saw at Soimaz near Pxrurget in France a coal bed with 
this .structure; Lignite. 1.40 m. ; clay. 0.40 m. ; lignite, o.io m. ; clay. 
0.05 m. ; lignite w ith Flaiiorbis. 4 in. 

I's E Jardin. ” Xote sur le kutarhrandur d'lslande.” Bull. Soc. Geol. 
France, IT, \'ol _\t. iSuti. pp 456-459 

1 '' J. Geikie. "On tlie Geolo.gy of the Faeroe Islands.” Trans. Roy. Soc. 
Edinl^ . \'oI. XXX, 1882, pp. 227-230, 240, 267. 

"" J Fournet, " Xote sur les lignitc.s tertiaires de la Tour-du-Pin (Isere),” 
Full. Soc. Gci)/. France. IT . \'(il, XI , 1854. pp. 763-772. 
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This bcil underlies 52 meter.-- i>f sand and gra\el: ai 5 meters 
below it is a thin streak nf littnite resting en wiiite ekit . whieli een- 
tains Hiii.v and Phiiiorbis. At Tour-du- 1 'in. the leinme- tire mark 
ami the uuderclay contain.-- laminte of lignite, which bec-ii e t'nicker 
tis the bed i> approached. The li,s;nite there i- di'tinc;i\ 'am'u.tiul 
ami is So liard that it can lie removed "n'.> wit'.i pick- I'lie '..m ".e. 
coinplctel}' ■' bitumenizeil." -^Ittiw vegetable impre^'i' ai- but r- - bates 
isr flattened stems. Xear \ ion. nit the bor.ier of l-ere. •iiiiiera! 
charccsal is abundant between tlie lanunte tmo. embeFid.eFi tnuik- ..f 
trees are net rare. Scune parts cif this dep. c-it are br-'-tn. bu; ot'.'er-- 
are ” bitumenized." The ce-nstitucnt.- are il>tinct. f- -r IS lurnet rcc- -y- 
nized debris of birch, juniper, fir. cherry ami walnut, with -e fees, 
rushes, elytra of insects and Piaiiorbis. He was impre.-se-'. liv t'.ie 
remarkable resemblance to coal beds: the partings, the passtige of t'te 
floor into the lignite, the lamination and the abundance of mineral 
charcoal. One cannot fail to see in Fotirnet's description an epua'.h’ 
close resemblance to peat deposits; land and freshwater mollusk-. 
elytra of insects, all found in the lignite as well as in the underclav. 
the character nf the plants, the structureless mass in wh.ich the plant 
remains and the shells are embedded. 

Daubree^-^ published some notes respecting his observation in tlie' 
Lower Rhine area. Near Soultz-sous-Forets. he f-;uml marls with, 
layers of sand. The latter contain bituminous lenses, which near 
Bechelbronn have 2 per cent, of bitumen with some pvrite. Thev 
hrild much carburetted hydrogen and disa-trous exph.-ions have icc- 
curred in the works. Some thin bed.s ,.if lignite were seen, which 
have impressions of Helix. Lymmca and Bitliiiiiis. The same shells 
were seen at Lobsann. where, above the marl-, are fre-hwaier li’ue- 
stones wdth thin lignites, in all from 5 tci <) meters thick. Tl!i> lime- 
stone yields 10 to 18 per cent, of bitumen and c intains gvjisum as 
well as pyrite. It is rich in Cliara, the inddviduals being -ilicihed and 
remarkably well preserved; but other remains of vegetables are in 
poor condition. 

The lignite streaks are very thin and only some millimeter- apart, 
there being alternate layers of lignite and limestone, sfi.-netime- 40 

s-s Daubree, "Xotes sur le gisement du bitume, du liijiiite et du seE’ etc 
BkH. Soc. Gen!. Prance, IE, Vol. VII . 1850. pp. 444-4S0. 
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ti > the meter ; but occasionally the lignite is 30 to 60 centimeters 
thick and is mined. Onartz masses are present in the lignite as well 
as in the limestone, which, judging from Daubree's description, are 
probably of secondary origin. This Lobsann fuel is the lignite bacil- 
laire, the Xadelkohle, which is merely debris of palm trees, from 
which connective tissue has been removed, leaving the loosened 
bundles of fibers. This constitutes the greater part of the beds and 
the arrangement shows that the stems were prostrate. But with this 
is another fibrous type, much finer and allied to mineral charcoal. 
^Microscopic examination proved that this is derived from coniferous 
wood ; palms and conifers were associated in the forests. Succinite 
is abundant in this lignite, but the balls are rarely larger than a pea 
and usually are of pinhead size: he counted 40 droplets in a cubic 
decimeter. It is most common in beds consisting largely of conifer- 
ous debris, the fibers of mineral charcoal being still impregnated with 
the resin, as appears distinctly under the microscope. This lignite is 
always laminated, the laminae being less than one millimeter thick 
and alternately bright and dull, the latter being the less pure, Buli- 
jiius and Planorbis were obtained from the lignite. This freshwater 
series of lignites and limestones is succeeded by marine marls, con- 
taining Spataiigiis, Ccrithiimi. I'ciicricardia and other forms of simi- 
lar habit. 

Potonie^'- described the great deposit of brown coal near Senften- 
berg in Xiederlausitz. The bed is more than 10 meters thick, and is 
mined by stripping at several places. The author give^ reproduc- 
tions of two photographs, one being a panorama of the principal 
excavation, the other showing distribution of erect stumps. As in 
many recent and Quaternary peat deposits, one finds here several 
generations of forest, one above the other, embedded in humus 
material, the only difference being that homogeneous peat has been 
converted into brown coal. In the floor, as in the roof, are many 
great erect stumps, those of the former being rooted in the under- 
clay, those of the latter, in the brown coal. Some stumps have a 
diameter of several meters and the intervals between trees are such 

IS- H. Potonie, "L’eber Autochthonie von Carboukohlen-Flutzen mid des 
Senftenberyer Brannkohlen-Flotze.^,” Jahrh. d. k. prcuss. gcol. Laitdcsa)ist. f. 
iSg}. p. 97 ff. Citations from separate, pp. 19-24. 
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a> arc l>!>sc:vciI in recent fi.rc't^. 'I'he-e nel itLt ;n -li'. ; ■ : .i: 

tiie e; ;lre■■^ c>i Antcric,;:: '\Na:i:;i-. Me:;-. I'a •' 

m*c ILIlil. O'-’ ’cCKliiX' irr'-“e Ilea!' I e - I II'l' ' '.i-". 

tain Scliw clkolile. ’I'lso pre'cnce ■•f tni anexui 1’ 'rin i, c 

tl;e clay ccifcr tiie l>r'nsn C' ci’.. nnheate- t'a.: :a.,t-n 2 . : a ■' -n 
tie'll' reciirre>i iicfe until 'ii'.UNitil acciunnlatn c.' IhC'-’' 1 in -a:'' 

' >\'cri\ if^' nil'' '‘I'l C'*im.rii'^ lTcci 'ic'"*' ''C' • i. [ / - '■ 

.'•y.'r ca'.'ens' . ,r I'uwi Lxrr si.s aii'l i'a\e 'ac.-; !■ ' i ;i i- - a,.- 

it^e!f. ( *ne yrctit nnc' ■ir]>re"c<; frtiynKrt "i a tr.ink /.a- i • ■' ' 

I’at' ■nte, Iir.t r.'Ually t'nc pri.-trate 'tent' tire llatui’c'';. 'I'.ie yc'c; \ 
of Sch’A’clkOiilc in the a- >.! w ^tunn*' le . t-.e tint ' r t' • ^tteyc't t. at 
It was fijrnied by the riavv of rc'in'. whicii, lie think-, tna-t it;i-. e 
been yreat in the injureci trees. Sciiweik' .h.'.c for ir.nt. e"en:t,ii'\ 
a fO'>iI resin; it burns witii bnlkant h.attte n iteii ptirc 

Tile ;'ore>t of the ro ■! is well 'h",\n m a pli.it. yrai'Ii repr Tncek 
on a ipostal card, for which the 'inter i- in'lcbte 1 to W . i h'ltlian 
Berlin, ft shows ten cir metre erect stump-. 4 ami nr re feet Ii;4'.'.. 
distinctly re inted in the coal ;ind a-.-A-cinte'! with, -o-rc pr—wato -tem- 
These were ot-erwhehned by the lieiriti;- 'adiich brought pc..t-cro .s 
to an end. Kukuk-'-'^ has reprciduccd ;i inatev cctliy ph.c tr>er;ipii ■ i 
the Mctitria stripping in Xiederlan-itz. The btrrwn c-a! h.ti< been 
removed and the door is exptsed witli the very niinterciu- gi^-at 
rooted stumps of Taxodinr.i distlclim::. 

Riisswiirm^-" has given a sectn.-n of the brown coal bed at dircb- 
kati. about 50 miles south-southwest frc.ni Frankfurt a.C). ami -oWe- 
what nicwe than 10 miles northeast frc.ni Senttenberg. The bed; 

9 meters thick, is divided by a thin [larting an. I underlies 10 meter- 
of mr.-tl\' black clay, containintr ciAmmiiuucd fragments of p'am- 
Tile iipiier bench, free from wo.sd. i- Uini]) c. .a! 1 Kiir.rpelk. .hie 1 .•im: 
bear- shipping, so that briquetting i.- unnece-satp : but the Tve;' 
bench is fine deal 1 Formknhlc ) amJ. tender, but it i- rich in iici.-.ii, 
the quantity increasing downward until at the hott.om tlie -te'us pre- 
dominate. Russwurm found no erect stem-. A secc'nd lie. I, at times 
3 meters thick, is here at half a meter to 4 meters below the main 

I's-ip Kukiik. '• Unsere Kohlen." Leipzi.c;, ipta. p JS 

’''P. Ru-s\\urm. " Eraunkiililen F.irinatinn. i_tc. l.ci Ord.kau," Zcitsch 
f pr (,’cc/ , Jahrs 17, 1909. pj) .S7 it 
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bed : at one excavation, the beds are so near together that they are 
mined as one, but elsewhere they must be mined separately. 

According to Katzer, the Bohemian brown coals belong to the 
iMiocene. Grand'Eury'^^ says that at Steinkirche near Budweis in 
southern Bohemia, the mass of lignite, at the bottom of a superficial 
basin, filled with .-^and, lignitic clay, wood, herbaceous plants and 
roots, is a fnrest jieat covered with mud. Katzer^'"’ reports that in 
the Budweis area he saw a coal bed, consisting of an upper bench, 
3 decimeters thick, with stems almost completely coaled, and a lower 
bench consisting mostly of Aloor- and Erdkohle. At another place, 
a bed, 2 meters thick, holds here and there, a great abundance of 
stems and is so pyritous that it is utilized in the manufacture of 
vitriol. The same authoE-® has described the Grottauer beds on the 
Xeisse River, immediately south from the border of Saxony, which 
are in the middle or lower iNIiocene. In one shaft, 45 meters deep, 
47 layers of alternating coal and shale were crossed. The important 
bed. reached at 4 meters from the surface, has four benches of coal, 
in all 10.35 meters, separated by three thin partings of clay and shale. 
Another shaft shows similar alternations but the succession differs 
somewhat, the second and third partings being irregular, sometimes 
absent. The principal bed has an extreme thickness locally of 16 
meters in the western part of the trough, where dips rarely exceed 

5 degrees and the beds show little evidence of disturbance, aside 
from crevices in the coal. The eastern wing of the trough is much 
disturbed, faults and folds occur frequently while the crevices in the 
coal, often still open and half a meter wide, extend downward 5 or 

6 meters. .Sulphates, chiefly alum, are shown on the walls of these 
crevices. 

The Grottauer brown coal consists very largely of " fossilized 
wood.’’ Freshly removed from the mine, it has a wood-earthy ap- 
pearance: but when dried the blocks not only preserve the wood 
structure but show also the forms of stems, roots and branches, all 

1^1 C. Grand'Eury, " Sur la formation des couches de Stipite." etc., 
CoinpttS RiUdiis. T. 130, 1900. p. 1688. 

IX. p Katzer, " Gcolo.ciie von Bohmen,” Frag, 2te 1892. p. 1425. 

isop' Katzer, Orsh'rr. Zcitsch f. Bcrij. itnd Hiitt.. Bd. XLA^., 1897. Sepa- 
rate. pp. 5-18. 
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prc'Sci! liar. The C'jlur i- hniwn i>r rcihh^h breur. hvi ii-.ual'_\ t'.;c 
ijark ia black. Stem? anil Cicals are ii' it in .'C.M'.ir.e biic:'-' bn: arc 
intermingled. At time? the cual is ver\ i-iiinire anil -ii.a-e- In.;'.', ecu 
the steins are flUeii with loaniv mud. I Icca'ii 'iiallx ' 'iie liin ■■ iie''.' 
Ilf Suit, deep black, sonictiines granular cial. re-emblme bi.ik". cb.ar- 
Cijal. Tlie fresh material can be worked, with a knife, -a a .’I' ; 1 me ; 
after Cennplete dining, it can be ])ulverizeil ■ nl\ '.'.ill; hf!ic"'r> I'h.e 
wood-like coal, dried at tio” C.. has carbun, 53-’-’. hvd.rueeii. 5 50. 
oxygen and niti'ogen. 37. <05. ash. 3.07. Tlii.- i- better tlian the a'let.me 
as generally the a'h is higher. 

The "gas coal" of Falkenau occurs, accurding te- Kat/er. a- tlx 
top bench of the middle coal bed. at that place, and is S' cite'ii h.ai n-' re 
than 30 inches thick. The lower benche' e.f tb.e be.l arc th;n. irregu- 
lar and of poor C]uauty. A'on (jumbel's’*'' -tudy "f this ralkxn.au 
material showed that it consists cliiedy of much diisintegrated \ ege- 
table matter. Treated with Eleichrlussigkeit. it exhibits the need.ie' 
of intermingled Faserkohle. With these are abnndiant pollen ex-.nes 
and very many minute bodies resembling those seen in diiiu ial hr. iwn 
coals. The deep brown spores of lichens or algte are clearli rec g- 
nizable. The voluminous mostly white ash. 7.75 per cent., consists 
of clay flakes and quartz grains with some fragments retaining piant 
texture. This composition, as ascertained h\ v. • himbel, i' very 
much like that of a Lebertorf. 

The Lower INIiocene deposits of Brennberg near fiedenburg in 
Hungary were studied by Xendtvich,^'’ who described the cecd a^ a 
lens. It has suffered much from disturbance, the ddp~ van ing from 
40 to 50 degrees and crevices in the coal are filled with Rus-kuhle 
f soot-coal) and slate. The thickness in the deejier part of the liasin 
is from 10 to 20 fathoms, but the bed decreases toward the lintdc-s. 
The woody structure is distinct in some portiom of the CL'al. wliich 
are finely fibrous and in part like ebony. The faiix-toit is well- 
marked. consisting of alternating layers of coal and clay, anil diows 
leaf impressions. According to Grand’Fury, the underclav coniaim 
no roots. 

C. W. V. Giimbel, " Beitrage,” etc., p, 14 s. 
n"; C. M. Xendtvich, " Ungarns Steinkolilen.” etc, llniduuicr's Bencht' 
Bd. III., 1848 , p. 38 . 
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llamk<.n"' 'Uinn;ari/<.i; il'c availalilc infurniatic ai rc'pectin,” the 
Mi-icei'.e cua'- '•! llinpLttirx. He f.ar.uil that the Ceniditiuns in the 
irale'e Mii^eeii.e re'e’.nble ih' .'e in tlie riii'Ceiie, in that the Cnal cle- 
pi'-U' ueeup) eery .''.I'.all area' aial \;tr\ e;reat!v in thickne'' a' well 
a' in pna’:l}. A lieil near I'aleleny. 3.-24 meters thick, ha> four 
hinch.c': the c'ay parlinp'- are in till le>.' than three f.jurths of a 
n-.e’.er; 1 T.e i' p\ rileU'. ti”. .iher ci aitani' Hc'ix an<l plant remains 
ai’.d. the third i' ctirlKaKice' ni'. The und;e”da_\ i' carhi Jiiaceou' and 
C'■ntain^ Ilcix a.' well plant impre.'.'i* 'its. The deposits near 
llrennherg ;md. Salj-“‘-T:iri;in are mrjre itnpi 'riant. Tlie coal bearing 
.yr' 'Up. at the I>"tt";n of the hliocene. i' 2j to 40 meters thick and 
r.'iMs four coal bed.' at llrennherg. fr.,im 2 mi 7.5 meters extreme 
tliickness. The overlying sandstones are about 130 meters thick. 
.\t .^aljo-Tarjan, the main bed is 2 meters thick, underlies sand- 
>tone and conglomerate and re'ts on marly clay, llut Grand'Eury 
found that the floor varies. -Tt an opening in Saljo-Tarjan, the coal 
rests on rhyolite-tuff, but at INIitra-Xovak one coal bed rests on 
sandstone while another rests on clay. 

Katzer’^'-' has describetl in censiderable detail the brown coal 
deposit near Banjaluka in Bo^nia. which, according to the fauna, 
appears to be IMiocene. thi.iiigh its flora indicates Oligocene age. Ter- 
tiar}- beds occupy a basin of about 80 sipiare kilometers and are 
'tirnaunded by rocks belonging to dift’erent periods. The succession 
of piammites. marls, limestones and tender conglomerates is appar- 
ently freshwater throughout. The one impiirtant coal bed, mined 
near Banjaluka, is in three benches: the partings are very thin in the 
northwest part of the mine, where the bed is single : but they thicken 
rapidly, the upper and middle benches disappear in succession and 
only the Iciwcst or Lauser bed remain'. W here the bed is triple as in 
the Lauser district, the succession i' : Hard limestones and soft marls, 
freshwater, too meters: marls, more or less carbonaceous, containing 
M clanopsls : upper bench of coal, with e.xtreme thickness of 4 meters ; 
gray to brown marls, calcareous, containing on top layers of com- 
pressed Unto: middle bench of coal. 2 meters: yellow to grav soft 

’ssyf Flantkcn, "Die Kohlenfli'tze und Kohlenbcrghau.” etc., pp. 313-325. 

V'" F. Katzer. " Die Braunkolilen .•Mdagerun.s: von Banjaluka in Bosnien,” 
5 . 0/. It. Unit. Jahrb., Bd. LXI , 1913. pp. 153-227. 
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marl;, with manv him; of brittht cr'al airl h'\ 1 \\;;h r 

pre;;ed iu';ih, niiKtly /’ and Mclan'.^!. l.ad'i,r C' r 
bench, 2 to 2.5 nwteiw ; urax . l)ri)\\n t' > Mach.' ' 'and' mat ' w : a ; : m,- 
bedded calcarciWi; irarh' hnMmit c>cil '--ri’t' a-.id. c..rh' 'hah 

In rcad.m^ tii’.' 'ccta'ii, i iiic niiti.n ^a'lix '.'on 'l ' an n la n ■ ' 
to peat h.-'calnv in northern ( 'hdu. Tlie C".'.’. daaVi.''' - 'aL': 

in the ;e\-era! bundle.' but thic .general cha.racmr i' ■.hi 'a-a.e a’ - 

out. Ihc woi'iix p. irti"!!' pa." itrailualo- int Ihc'is. liha , 
the prevai.ing type and i' n. >: alway' la'.nn.'.am-d. 

T!\' ( h'a'i'i'Oh’ (. Oiils . — In th.e Z'll \ a'.'.cx' 'it 1 lurcatx . .ic.t ' ■ a 

to Ilantken.’- ■* the great adnt. winch co'-'C' yip" ’.iKt-.r' 1 , 

rock, dipping at 30 diegree;. cut; 14 bcdi^ ,.-f c. ml. icie "i o.lr.cl- 1- 
41.12 meter; thick. The marly be'l; m c-ntact with the C' lal .na , 

dark and contain carljonate of iron, .-kt Szt Ivan in the < Iran 
trict. a bed, 12.4 meter' thick, ha; four benche; oi coal, th.e j arfnc' 
being fre;h\vater lime'tcne and in all 3.7 niciet' th.ick. Tt unde’da' 
a cernghemerate of doloniitic fragment; and re.'t' cn ;i curb inacei-i> 
shale passing downward into freshwater lime'tmic. [’arting' in C' a' 

beds of thi; Gran area show notal)le variatii'ii' in tlrckre'S, 1 ik ^ o' 

them increasing in a short distance from i 9 t.j 17.45 meter'. I're'h:- 
water conditions seem to have prevailed alntcxst tlrojughr.ut, but m 
the Xagy-Kovacsier basin, the lowest coal bed imdierliex diak c n- 
taining Xafica and Ccritliiniii, though fre^hwatcr limest'MKm are th.e 
predominating rocks above. The coal shows markcil variate m in 
composition. Xendtvich’"- said in 184S that the coal of tlie Gran 
region is black, xvith dull luster, mostly ^llaly but 'Onictimes with, 
conch, oidal fracture. It is non-caking and viehT a '’ighth' 

luminous gas. The woody character must be marked, fur .Xemiiwch 
speaks of the material as tough and hard to pulverize. The ch.-ef 
drawbacks are the readiness with which it falls to [liecem nn exp' i'-'rc 
and the tendency to spontaneous combustion. 

The Oligocene coals of Germany are found in many small area' 
Plettner^"'= described in detail the greater number ,if the compara- 

M. Hantken, " Die Kohlenflotze,” etc . pp. 247, 25,4 26(^263, 280, 286, 2.Sr, 
X'’- C IM. X'endtvich, “ Ungarns Steinkohlen." ete . pp w-31 
i"' Plettner, "Die Eraunkohlen Formation in ,ler Mark 'pramUnEnr,' " 
Zcitsch. d. d. gcol. CcsclL. Bd. IV.. 1852, pp. 240-481 
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ti\cl} >n!aU ba'iii'' wiihiii liranilciibu-^. whtrc ihc coaU are nf great 
iaiportariCe. At W’itleiiherg, i,n the Elbe, w’nere the heil is 8 tD 12 
!eei thick, the dial i' hlacki-h-hri i\\ n and jmlvernlent ; the inhabi- 
tants Wet it ailil ni'inbl it ini-. l)rick>. The lijiper part eif the lied ci -n- 
tano imic'li tine ijuartz '•an.'!, but there i'- nunc in the Iciwer portion. 

1 c.e 'I'.p' \ ar_\ iri'in 'i n> 2i> degree.-. -\ rather exten-ive lia.-iii is near 
.\ln-kaii. cn tlie Xei'-e River al)"Ut 70 miles south oi east from 
\\ lUenberg. where the ci 'al n- hard., iirperfectie laminated and shows 
inmieri'U- im]irint' "f letive-s n -uriaces of the laininie. It rests- on 
a iiiie clay anal uniier’ie- aboitt 10 feet of sand, sue'ceedetl by 5 inches 
"f leaf-beanng clay, ah. 've wiiich i- another coal bed of imkne'iwn 
thickne-'. The coal is dull with earthy fracture and shows no trace 
of firganic structure, a-ide from the leaf imprints. A yellcw resin, 
mealy or du-t-like, i- abundant. .\t Griuieberg, 50 miles northeast 
frc.im Muskau, the coal is hard and laminated; it is dark brown but 
tile included plant remains, heaped in great quantity on the surfaces 
of laminte, are ycllowi-h brown. The waxy yellow resin is plentiful 
and is often enclosed in the fossil wood, especially between the 
annua! rings. 

Fursienwalde i- near the river Spree at a few miles west from 
Frankfurt a. O. Plettiier has preserved the records of numerous 
shafts and borings, which exhibit such variations that the coal beds 
must be lenses. The dip- are from 20 to 70 degrees. The important 
bed is triple. The great bench at the bottom, 10 to ii feet thick, is 
the best and usually omtains little Formkohle; but, at times, that type 
of Cecil form- ntemt of the upper benclies. There is a notable differ- 
ence in qtialitv. coal from the middle bench being the worst. Plettner 
in this di-trici di-nngui^hed three types of coal, which he recognized 
e'sewhere; 111 Knorpclkohle. the hardest and most appreciated, 
hrownich to coal-black, with at times a bluish luster; it breaks into 
Kiicrpc! or -harji-anglcd parallelopi])edons, 2 in <> inches in diameter; 
tlie fracture is earthy, luster none and plant remains are not common ; 
( 2 ) Erdig- nr Ihvrmkohle, light brown, of loose texture, earthy, fri- 
able. (3) Eitumeniise Holz. which is present in all benches of a bed, 
embedded in the coal ; sometimes it is fragmentary but at others 
whole stems are found ; these are nsiially prostrate, erect -terns being 
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rare. There is little iliriT-rLiiee in ih.e 1 a'- E'e rae’’ i.:’.’.' .esa.ir 

in all eases to hel'ing t' > tlie itertt:- > 'r.ln a."! \ .na ^ "•ii- 

pre-'Setl ansi tile tiimnal nn^' are ert;i'"’,\i; \ _\ ^ '1. i ^.-r-w 1; ti. ii-iii. 

witliont succinic aci.L is prc'ciit in all tjE''-' i '..1 

Buchow, west from Fiir'tenwalde. i- at a le-'. n. 'h- :-i,ui 

Berlin. There the coal kimmatti! w.tli. I'ktfu!' lap’.rh'. 
enough bitumenEse Holz to keep one froni forecttint;’ ilk \ee'.t..'’le 
origin of the cotil. as he might do if he ciin'''kr I'i'.I; iIk h.c’s*- 
geneou.' -nikttLnce in which the wood, i^ en’.bedd.cd. .\i Ih l'-' c. ..hh , 
15 or JO miles north-northeast fr'.'ni iT-rl:;:. th.e 'hp i- - r.; . , 

degrees, whereas tit Buchow it is 15 to Tkj, Tlu- coa.l at l'i\ uwadh 
conttiins no wood and Imni' with a very disagreeable p^at-h.ke odo’- . 
this type, observed also at Buclir'-v. is tlic INb ■..irkc'h.le of Tletf.'.i.r 
Plant remains. reco,gnizable by the untdded eye. are few, tind -iich 
as wore seen were pierced by threads of rC'in ; but. in the neighbor- 
ing area of Falkenburg, wood abounds. 

This kloorkohle is shown near Frankfurt a. di. am! at - 'me ot'icv 
places. The dips in the basins of this eastern region vary fr .m 
10 to 60 and in one basin even to C)0 degrees. .-Vt most Incalitte- the 
coal is lantinatcd and contains re-iu a- well as wood; the hater i- 
often converted into Pechkohle and in that conversion it lo'c-: struc- 
ture. Plettner calls attention t othe fact that the change into P^c'-- 
kohle rarely affects the whole fragment. The converted prirtiou i- 
not altered by exposure to the air and does not separate into lamelhe, 

The coals of Sachsen or Prussian Saxony have been -ludieil 'w 
many observers. Laspeyres’"’ examined an area near Trutha and 
Dolau. where the coal rvas mined by stripping. The lower bed i- 
2 to 6 meters thick and divided by an irre.gular jianing of -andv 
clay. The upper bench is often so poor as to be worthless : the lower 
bench is better but consi.'ts chiefly of Fornikohle with some Knnr- 
pelkohle. It contains much coarse or earthy retinite in ne-t-;. -treak- 
or layers, as well as much pyrite. petrified wood ami charcoal. .\t 
a little distance higher is the vtpper bed, with extreme thickm ^- of ; 
meters. This consists of Formkohle, small particle-, of brown-black 
coal, more or less closely packed to.gether. Occasionallv it i- du't- 

U'SH. La.speyres. Geognostische IMittheiliingcn am dtr Provinz Sach- 
sen,” Zcitsch. d. d. ficid. GescIL. Bd XXXI\ 1872, pji 2i)8-3(j_> 
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like and of cinnamon color, a Solnvelkohlc. Some Knorpelkohle is 
prc'cni aloiiy; with binimin't.-e and petrihed wood, the replacement in 
the latter heinij with pvrite or .dlica. The plant remains are chiefly 
wood, which predominate' in .'Ome parts. This is wholly coniferous 
and, cxceptiiie' a few Ahietinae. belongs to cypress. Occasionally 
one liinl' gfetit stem< pa'>ing gradually into either earthy or compact 
Coal, in which La'pecres thinks he has proof that the varied condi- 
liun' oh-erved in coal mu't he ascribed to irregular working of the 
ci.nver-iun procc", though he is convinced that nnicli of the earthy 
brown cotd may be due to de-truction of other parts of the plants, 
which, lieiug tender, ottered less resistance to the process and lost 
all structure. 

Credner,-''“ in discussing the same area, gives as the Oligocene 
succc'-'lon ; Lower, consisting of light-colored sand.s. clays with 
brown coals; Miildle, dark gray to green gray sands and clays with 
marine forms : L'pper. light-colored sands, gravels, clays with brown 
coals. 

The Lower Oligocene, about lOO meters thick, is a mass of 
irregular variable .-trata. The coal beds are usually 4 to 5 meters 
thick but in places a maximnin of 8 or 9 meters is reached. There 
seem to be practically two beds, but his general statement exhibits 
the irregularity of deposit, for he says, (i) That the beds are not 
continuous, hut are interrupted locally, as they thin out; [ 2 ) Con- 
sequciitly only one bed occurs in places where two were expected : 

( 3') It is questionable if these apparently local, lens-like individual 
beds are actuallv one and the same throughout, for the relation' 
of the beds are e.xtremely variable : ( 4 • Locally, one finds more than 
two beds. 

The coal is mostlv carthv or .'oft brown coal, mingled with more 
or leS' of Knorpelkohle and bitiunenose Holz. the latter sometimes 
tliongh not often replaced with pyrite and silica. The woody ma- 
terial is in small ])roi)ortion and all the phenomena indicate 'wamp 
origin. In this connection he cites A. Penck’s investigation of the 
Tanndorf lirown coal, which showed that the lower <haly portion 
of the deposit is rich in well-preserved remains of floating plants, 

v'’H. Credner. ''Da': Olijtoc.in des Leipziger Kreise?,” Zcitsch. d. d. geol. 
(icsL-H.. Ed XXX . 1 S 7 S. ])p, (jis 
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such as Siilz'inia and Trupa: the next Liter i- mil 'U .U' tfd ' 
with leave- of Sal'.x. etidently hluwn h_\ tlie v.isii! tla- i- 

the coal, conipo>cJ of Scqituu:, Bcti'ld tiiiil fc.s -lie.:- i i:a 

.-eOj here the gradual I'dling ut a fre-hw.itir lia-m. I'cuuc!'. .iiu- 
niulation of in Jitn \egetati. iii. 1 i’.e ahuirLince lU i w ’ i''ei 

stems, some rooted in the floor and otlter- rooiei! m '.iA c ^.l r-ilf 
anil extending meter- into the oterlymg -and. -uccs-'- di dl 
stems, prO;tr:ite as well as erect, are tho-e of an ,- r - \ le'-’-.UM-i 

Xaumann'-"' remark- that stems, prostrate, pilc'l irrigu!,.:'.', 1 

compressed, are often enclosed iii earth}- hrn-vn c^ ,i . .\: •. ; c-. 

however, erect trees are found, cylindrical and retaimii” tlu:- i""’., 
.-0 that they are where they grew. ( )ne finds hi the-e ,'.ri..i- th it 
locally all the prostrate stems lie in the same direction. -ho'.N me tlan, 
the same force had broken them off and laid them diot'.n. lie .-I'id- 
a new example of erect trees. Some vear- priijr to puhlicaiaci of 
his work, the brown coal had been exposed. b_v stripping iiea'" 
Wtirzen in the province of Sachsen; on the surface of th.e coal, 
within a space of about half an acre, he saw between 40 and 50 
trees, their roots interlocked within the coal bed. 

A mineral, termed pyropissite, occurs at numerous place- within 
Sachsen, sometimes pure but often mingled with ordinarv brown 
coal to form the Schwelkohle, which has been of no little importance 
as a source of oils. Stohr’s’®' description of conditions, prefacing 
his discussion of pyropissite. gives some detail- not recorded hv the 
authors already cited. The strata generally are in no regular order 
and appear to dovetail ; the brown coal alone appear- to be well- 
defined. The formation is from 30 to 60 meters thick and under- 
lies 3 to 30 meters of diluvial deposits. The roof of the coal i- 
-and, clav or hard sandstone and there is a similar variation in tlie 
floor, though commonly that is plastic clay. The brown coal, where 
mined, average^ about 6 meters, but the thickness varies from a few 
centimeters to 10. 16 and at one place 20 meter-. Owing to irrLgu- 
larity in the floor, due to prior ero.flon. the coal occurs in diallow 

lor. Q x. Xaumann. " Lelirlinch cler Geoguo^ic,” ate i,%2, ipi [jj ^ 

P -04. 

I'u E. Sto’nr, “Das Pyropissit Vorkommeii in de!i Braiinknlile bci W'eis- 
senfels nnd Zeitz,” Xcu^'s Jahrhttch, Jalirg. 1867, pp, 407-409. 
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tnaiu!'.-' l)Ui .■'uniciiiiK-' ii the 'cparulintj ridge. Not uiifre- 

ijiKiiily. there are " .'^and-aeke," where the roof descends, at times, 
e\e!i to the diKjr. I 'ual!_\ the'e are tilled with 'and or gravel hut 
'nmetiine' with phi'i'c cl;!_\ . '1 he co;d i.' retilly in one bed, divided 

m Some ])Iace~ by a .-tLinlx parting. The lower portion i? Knorpel- 
k- ILe. bin > in leri'T a.- it cniitain' nuich p_\ rite. The upper bench, 
thdueh hdnnkdhle. i-' ;i good fuel. ( tcca'iimalh', a worthless, heavv. 
'aial-hke dii't, termed Ru"ke(hle, comjjoses whole layers in the bed. 
i ’trite, gxidfin and retinite acc'“impany the coal; at one place, amber, 
in luni]!' a' large a' one',' hot, is found in the roof. Bituminous 
wood, pre'.'cd flat, a' well as 'ilicilied wood is found in manv mines. 

Fieljelkorn' at a later date described the area c.xamined by 
Stohr. Like him. he recognized only one bed, which where mined 
is from 4 to Ji meter' thick and occupies a rather regular trough. 
Occasionally another bed, about one meter thick, is seen above it. 
the interval being tilled with clay. The main portion of the trough 
is divided into numerous subordinate troughs separated by low- 
ridge'. \ ery often the coal is wanting on thc'C ridges and the coal 
in the troughs is lens-like. The coal is U'Ually earthy in type, a 
more or less friable mass of yellowish or reddish to dark brown or 
black material, coarse-grained, with rather shining streak and in gen- 
eral showing no organic texture. Towaril the bottom, it not rarely 
beccrmes Knorpelkohle ; but for the most part it is Formkohle and 
on drying falls into du-t. The bed c-.-iitains numerous coaled stems 
sejiaratcd by spaces of one to five meters. The overlving beds are a 
succession of ivhitc and dark «ands w'ith some clav lavers. all well 
exposed at several places where the cover is stripped. The floor is 
iisiial'v clay hut soimctimes sand. It is well shown near Teuchern 
anil near ( Iranschutz, w here ro ts dccending into it from the coal 
are distinct lie traced these in some cases to the depth of a half 
meter. They arc those of rced.s. grasses and rushes, marking the 
door of a swamp. 

Fotiinie regarded the Fc'rinki ihle as. in iiKist cases, of secondarv- 
allrchthonons origin. It was originally an autochthonous coal but 
had been removed and redeposited elsewhere. To this matter, refer- 

M F'ieliclknni. "Die Itnninkohlen.abla.itcriiniion zwischeti Wci.ssenfels 
uiirl Zeitz," ZciUch f. pr. (.idiLuiic, Tahre. 1S95. PP- 353-304. 396-415. 
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cnce will be maile in another C"nneeti'>n R. teller,'''-' ne I'.'e 

doe'trine, examined closely mia't cf tlie ntine-- m. tlie .''itrlr-en are.i. 
Extended reference tei tlii-' witrk will be n ad.t. m di-,-',-.--.-. r. i.f ■ -e 
doctrine of rutonie The plates illu'trate we'l tlx h’w-'-'sL r • o 
the brown coals, slaowing i'^latii'ii nf tb.e 'e\er..l p’-’toi:'- ■ • e ’ t ' 
and suggesting that the lense- w'ere- ir it wh ■".} ci ''.'emp r,,ri. 

The rndelv crescent f. .nns ob,'er\ ed, in cru ecti e h-'-t' 

with depressed upper surface n'ake e'ear ilie e'leci ■o' " e-t--- :■ •; 

the thick ma^s of vegetable niatter m.i'bsa}' in die liti'e i:'' i e' 
Several of his profiles indicate " Sandtsacke ” rille l w e, i " e'.;/ 
Diluvium," The coal is very little di'turbed in m,u'_' pace- bu: m 
others the plications are very close. Some cif the.-e are cvidxni'x n-.-e- 
glacial and the erosion was extreme: but it il'Ses n't seem ix;\e 
been contemporaneous in any case, 

Pyropissite occurs in some portiitns of the Sach.-cn area I: 
described by Zincken as amorphous, earthy, with earth.y fraciure: it 
is gray to yellowish to white, greasy to gummy feel and lu-e' tn an 
asphaltic mass: it passes into Schwelkcihle, a mixture of p_\ mpo-i-.e 
and ordinary brown coal. Here only the gci'ilogical rclat:cins m.i\ iie 
considered: other matters belong under chemistry as m' the bri i-.vn. 
coals, 

Stohr,-“" in the memoir already cited, states that in 'rauh.ern 
Sachsen pyropissite is an integral part uf the coal bed. The [lure 
mineral yields 40 to 50 pound-r of tar tn the ton, from which parathn 
and mineral oil are obtained: the ordinary material rielih unh jo 
to 25 pound-'. L'ntil recentl}-. the Schwelknhlc WU' thcuglu to be 
worthless and of rare occurrence : but. though absent fricm mcist uf 
the area, it is present at many localities. It is nr,t alwavs a d'.'tinct 
bench, ljut at times forms lamintc in the upper part of the l\uer- or 
fuel coal. The distribution seems to be leii'-like. for Stiihr refer' to 
nests of Schwelkohle. A variable layer of Ru'skohle intervciit-' 
between the .Schwelkohle and the roof, ordinaril\- not iioire than 
d inches thick, but at one stripping he found tb.i' later from _> n, ;; 
feet. He summarized his observations tluw ; 

F. Raefler, '* Die Ent&teluin.sr der BraunknliK-n laver zwoclien .\Iten- 
burg und W'eissenfels.” Inauguration Dissertation, Jena, igii 

E. Stohr. Xcucs Jahrlnich, 1867. pp. 410-424, 
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1 ’_\ ip'.'.'itc i.iccur.-' only where the cover is Ic'S than i6 meters: 

I a I i: - inietinie' the upper bencii, hut, where the bed is very thin, 

'll the oi',I_\ lieiich : it i' not alwav' limited tei the upper bench but it 
n'.a\ be diotribiued in the nnd.er!_\ injf I'euerkohle : it occurs as leaver 
ir. tb.e mabi I'enerkolile. -ometiines with distinct diemarcation from 
il.e 'tirr .ma’iny coal hut at others pas.^iny yradually into it : 131 it is 
al.\a\' accompanied I>y l\U"kohIe, y^p-uni, and jiyrite : retinite ap- 
pear' to he a.h.'ent: 141 tl'.e character of the roof may be important: 
iind.er yrave! ami .'.tml it is better titan under clayey conglomerate : 
hut under a cla^■ root he ha' seen it bcith good and bad. 

X'on ( iumhel-'”- .'tmliedi the ]yvr.. pi.''ite of \\'eis'enfels. It is 
j'owaler}'. dust-like, brown-yellow and difficult to moisten. Under 
the microscope, it shows only indefinite grains, cjpaque lumps and 
scattered leaves, ill-preserved ami belonging apparently to some moss. 
After removing the resinous substances by alcohol and ether and 
treating the residue with Schultze's reagent, lie found little evidence 
of organic texture, aside from something like Fascrkohle: there are 
s(.ime spiral threads, and spores and pollen are indicated by rounded 
patches. The ash. 14.2 per cent., consists of quartz grains, crystals 
and opaque black balls. Xo diatoms were seen. Pyropissite from 
Sauforst in southern Bavaria and of Miocene age. is in general much 
the same: but remains of grasses and of moss leaves are numerous, 
while pieces of wood are present, retaining structure though con- 
verted into a yellciw friable material like the groundmass. After 
treatment with ether, the part' cif leavC' a' well as the pollen grains 
beci niie more distinct : pollen exines are very abundant. 

Fiebelkorn, in the memoir already cited, gives sections showing 
tlie relations cuf Schwelkoble to ordinary coal. The bed at Grube 
3()ii near Teuchern is only 6 to 7 meters thick, but at a little distance 
awav it is 16, and, generally speaking, the whole bed is good. Some 
grain' of coal are shown in the roof and the coal itself, especially 
in the upper part, sliows alternating bright and dull lamina?. The 
section at this phice is: Black earth, o.fio: loess. 7.50: Ternary shale 
and saml'tone, o to 8: impure coal. 0.30: Feuerkohle, 2.30: .Schwel- 
koh’e. 0.50: Feuerkohle, 0.30 Schwelkoble. 4: Feuerkohle, 3: clay 
C. V Guml'el. “ I'jeitmge.” otc . i»p 146-14S. 
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aiiil r>‘'ut>. 2.50 T’lic nica'r.n.''r.ciU' arc :!i n'.cur- ' aXiFc-rn 
makes I'iU reference tij tlie !\m"kw’'ic. w'mek. >:i'k.r . ,l" c ..;e 

with, rile Sch.rr elki file The lii-trihr.t! n . i the hrter w > ■■".i ' 
freui llitit Seen 1)> .''t"hr. i' r liere tile t,\'’ t>’'e' c-.h ..''e : imle 
Tile Schw e'.kefnle clianye.' int" i>m'. ipi'-ite t"'.'. .wh. tile : hr ■ ' t'le 
trotigh. 

Tile 1 'lige'Celle e'. ell ‘if tile CeilngUe- ! ’.• ■nil reel 'll ‘ n 1 “ ■' -r'e- • I 
the L'lwer Rhine ha> been niiiiei! during a ''‘iie I'err 1 >.:\ lia- 
given a brief elescriptie'ii uf the eiepewit near il-rre.ii. .\.iic.i -h ■.‘i.-- 
the general ccinditienn-. The bru'Aii C‘-'al c iitain' ;ib m ‘>.1 [ ei ceni- 
nf niun--ture ami i,- .-oft. at niei-'t. -hglitl}- C'ln.-' ‘Irlate'l ;n the la 1, 
Tresh from the mine, it resembles rather w.".'il\. half 'I-; -.'eit ur 
muck from a swamp fercst. The inclmlcl .v m-tl; l;e''ite. 
a})pcars, even when dry, to be nci more cluingcl ''t card tii/.e 1 tlam 
the wood fuund in man} peat beds, W'heii d,r}', it i.- still 'nft eit 'iigli 
to be whittled easily, the chips being scarcely more brittle titan tin '--e 
from kiln-dried wood of similar types, Th.e de-po;!:; range f.- nt 32 
to 32S feet in thicknC'S, the average being ab tu 72 feet. Th.e c^ al 
is covered with relatively thin gravel ami ckiy . thi' overbur'leii i.- 
renioved by stripping, and the coal is minehi in open cnt.- The 
moist brown coal, as it lies in the bed. is nearly black, ur.C‘'n"‘h t.Ue'l 
and contains a large percentage of fine material, which is friable even 
when wet. 

The brown coals near Bonn were -tudied long ago by Morner,-" ' 
who saw four types at tlie mines: 1 i ) A dark brown irr black eartli}- 
substance, friable to pulverulent, rarely showing laminati‘.in and 
found usually as the upper portion of the beds : 1 2 1 a cemented nia^-. 
in which leaves and fragments of wood are mingled with tlie eart'iv 
coal: 13') woofi in different stages of hitumenization, with ;dl sliade- 
of color from light brown to black, the last apprvtaching let: igi 
Papierkohle, highly bituminous, burning with bright fiatne. separating 
into laminre as thin as writing paper and leaving a white a-Ii : u ■> a 
mixture of earth and comminuted vegetable matter. It should Ijo 

C. -A, Davis. “ Production and Uses of Brown Coal in the A’icinitv of 
Cologne, Gennaiw','’ U. S. Bureau of Alines, Teclin Paper 55, ipi.t, pp. q. 6 

L Horner, " On tiie Geology of the Environs of Bonn," Trans. Ocl 
Soc., II, Vol. II., 1836, pp. 449. 450, 459 
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r.i'iL-'l licre tiiat ” hininieiiizati'iii " as l)y Horner and others of 
the earlier writLr' i.' jirae'iica'.iy '_\ m inynioii-; with ■’ coalifie'atien ” 
of <ii;re IVeiich writers and refer' merely t'l the extent of cuinersion. 

d'lte 'evertd kiia!' of C' til are f unil at times in a single bed. 'Hie 

1 is ordinari'v in fragment' “f inconsiderable size, but some- 

thne' kirge 'teir.' are fi'Und. Thc'e, when prostrate, the usual posi- 
tii'ii. are flattened; but trees have been met with, erect, with roots 
attachiCil and the .'tenis passing tlirough some benches of the coal. 
Ib e.Ter ih.ink' ih.ttt ilie-e trav have been rliateil in. being held in psisi- 
tii 'll liv the we'gh.t C'f rhe roofs, (hie of the.se trec' was 7 and 
an"ther ii feet in diameter; the deiith eu' water in which such trees 
cc'uld be floated must have been ccatsiderable. The writer has seen 
great tbaods on great rivers and he has seen many floating trees with 
roots attached, but he has never seen one floating in vertical posi- 
tion. except where it seemed wholly probable that the roots were 
loaded with earth or stones. If these trees near Bonn had been 
floated in erect position, the inorganic materials ought to appear with 
them. Horner states that the wood is often well enough preserved 
to be utilized in timbering the mines. Pyrite is common and " amber" 
occurs in irregular balls. The wood, at times, is replaced in part or 
altogether with carbonate of iron. 

The section of a shaft at L'tweiler is as follows; Soil. 2 feet 6 
inches ; loess. 9 feet 5 inches ; ba<alt. 31 feet 9 inches : indurated clay, 
prismatic, changed by the basalt, i foot; clay, coaly, neither slaty nor 
columnar, fi inches ; black pitch coal, in prisni'. jferpendicular to face 
of the basalt and with dolomite in the interstices, i foot 2 inches; 
small coal. 4 feet ; brown coal or bitumincius w ood, unaltered and 
with structure pre'Crvcd. contain' in the lower portion kidneys of 
compact clay-ironstone. 8 feet 6 inches. 

The influence of the basalt disappears within 7 feet. The con- 
stitmi'in .;if the thick bottom coal recalls the condition so often seen 
in the lower part of peat deiio.'ii' formed by encroachment upon 
forested areas. 

Heusler-"'’* has given a full description of conditions in the Lower 

s'o C. Heu'k-r. ■■ Rc'clireilning cles Bergreviers Brulil-Unkel imd des 
X'iederrhcmi'clicn Braunkolilcnbcckens.” Bonn. 1897, pp. ,^2-42. 45-52, 142, 
161. 165. 
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Rhine regii -1 The i’.in,'! irtar.t ii'ea!r.ie> are DeiUz, a: a '!■ ri 
lance \\e>t fir 'in I'lTigne, llrnh! anh I'nkel, alnait -’5 anh; 45 'I'.iT' 
.'er.th- fr.iiii Ci iegnc. L'ther areas are a^ far as Lin/, a fe'.'. ni'k-' 
lieronF; L like'.. Tiiree iH”-'' f"'-'‘t''-l in tin- me' 

terk'.hle ^ ■!' Dw'i ith', Aluni bniwn c. al ami tlie Lari''} ’'■r.,'.r r- .ai 
wiiich i- rnanufactureil inte' briiiueis. The tir.'t am: -e/' mi. i;-:':iLF. 
cliieriy to the ui'jier portions of tile ba-in in llic .''•.ein.nee' iirye. e\- 
tcii'I lamthwarJ on t’ne left bank of the RlL.ne i" LfL'i'/'f 1 <..1;' 
Bonn, while C'n the right bank they are fouml far a.- Sy.ek ;n liie 
Dcutz-Rumleroth district. Heusler a-sert' tliat tr.e 'iuYeixnci. in 
these CL'als has no relation to age and is due inetel} t' ' i- ■ea! 
conditions. 

Pdatterkohle occurs in isolated patch.es near Linz. 1 ir-htirg, 
CRdingen as well as on the Hardt. especially near Rett Tiie de- 
posits are irregular and alternate with clay, sand and ordiina''}' bruwn 
coal. Near Linz, three layers were seen, i.i, o.yS and. 4 nmier- thick, 
each containing more or less of lignite-like coal and many remains 
of aquatic animals, 10 specieshaving been rec'rgnized. Xear 1 ir-hurg. 
three layers were seen, separated by clay and poor coal: bairachian- 
of several genera are abundant in the coal. In an isolated basin, th.is 
section was obtained: Hard earthy brown co.al with lignite. O'lg: 
bituminous clay. 0,63 to i.io; laminated siliceous beds, with leaf im- 
pressions, 0.16 to 0.26: Blatterkohle and Polischiefer, o.aL to o.-S: 
lignite, pyritous, with leaf impression^ and remains of fish. 0.03 to 
I.IO: semi-opal. 0,16: Blatterkohle. laminated, pyritous. some lignite, 
nests of Polischiefer, fragments of plants, insects, fish remains. 0,31 : 
gray, pyritous clay, 0.31. 

The measurements are in meters. The association with diattima- 
ceous earth is by means unusual. Xear Oedenberg, the Blatterkohle 
is very thick, but is so mixed with infusorial earth as to be of htlle 
value. In the Rott area, at the Krautgarten mine, the finelv laminated 
Blatterkohle, at the bottom, is separated by almost a meters nf grav- 
ish-whitc clay from a meter-thick bed of ordinary bmwn cal almve. 
In this mine, the coals contain remains of mammals, amphibia, fi-h, 
insects of six orders, with crustaceans, molliisks and jxilyps a- well 
as abundant plant fragments of many types. Ileu'-ler's dewripiion 
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that here C'lte has :i tti’eni e.xamii'e ui pund-filling. The same 
rehitimi- tire seen ' -n the left Iwnk (jf the Rhine near ( iedenlierg and 
I.ie--.'en ; at the latter. r.laiterki)h.Ie attain' it- greate>t thickness, vary- 
ing irnin y.8 to 105 meter'. The tuta! area cif rich lllatterkijhle 
htire'.v exceed' one 'iinare mile. 

-Mum hreiu n ce>al. like H’.atterkeihle. is confined to the more 
" nther’O' jeiriiMus 1,1 the region containing the (.)ligeacene basins; 
it is luuirl e-'pecially eni the llardt near I’ntzchen and Spick on the 
riglit. aiii! near G'.M-e'berg and Fric'dorf on the left side of the 
Rhine, where it is a'sociated with layers of ordinary and lignite-like 
br.;'wn coal. The llardt area is abijtit 10 by 4. kilometers and in- 
cludes the Ron deposit already referred to. The coal there is 3 to 
4 meters thick, mostly earthy brown coal and so pyritous that the 
ashcA are used in the alum industry. Midway, is a meter of lignitic 
brown coal, composed largely of prostrate stems. One of these, a 
conifer, was 1.600 years old, that being the number of annual rings. 
But erect stems are by no means rare : one mine near Bleibtreu 
yielded 35 such stems in a space of 10 acres, the diameter varying 
from 0.7S to 2. 82 meters or about 9 feet. Pyrite replaces or pene- 
trates much of the stems and roots. This lignite on drying becomes 
black and changes into a typical Pechkohle. The plants are mostly 
conifers and palms. The relations of the coals are shown in a section 
measured near Friesdorf. thus: Loam and river drift. 5 2 thrown coal 
and alum clay. 0.94; clay and bituminous wood. 1.26 to 1.57: brown 
coal (ligniteL 0.16: bituminous clay. 0.31; brown coal and lignite, 
0.16: grav pyritou' clav with lignite. 1.57; brown coal. 2.51: black 
alum day. 1.57; Blatterkohle. 0.47: lignite. 0.47; earthy brown coal, 
0.94 ; Blatterkohle. 0,63 to 0.94 ; earthy brown coal. 0.47 ; Blatter- 
kohle. 0.63 to 0.94. 

The association of Blatterkohle and pyrite seems, from Fleusler’s 
section', to be very intimate at most localities. Xineteen species of 
jjlants have been recognized at Friesdorf. a large part of them belong- 
ing to genera well reprc'entcd in swamj) floras. Erect stumps are at 
Fussenich and Stockheim. 

.-Mumkohle and Blatterkohle become rare northward and earthy 
brown coal, like the Formkohle of Sachsen, is the usual type. Lig- 
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nite or bituminous wood is present in this coal and tlte species are 
like those as on the Hardt and at I'riesdorf ; stents are e'pecially 
well preserved in mine Friedrich Wilhelm IMaxinii'itin. near d'uriiicii 
on the Erft. but manv of the Hardt specie' a’e n t repre'eutei! 
Deposits between the Rhine and the Erft are (jiute regular, wnh. cl,i\ 
floor, containing more or less brown ceal. ;ind cfteii have a c!a_\ it 'of, 
but very freipiently the cover is a dihivitd dep'i'it nf vtuwiiip th.ick- 
nes>. through which water passes into the porous hoiwn c- 'al and 
downward to the clay floor; this surface waater injure' ti’e Ci cd. 
There is no distinction here into earthy itrown ci ci! andi Schw eik-th.'e 
as in Sachsen; the only dilrerence is in state of pre'ervation — earth.}' 
and lignite-hke brcwn C' ah The former is frcim the s,.ft parts .o' 
plants and is utilized in manufacture of brniuet.'; the latter yielis tite 
lump coal. It is not kncovn whether or not an\' Schwelkuhle like th.at 
of Sachsen exists in this region. The Schmierkohle. twundi in ih.e 
Hangeilden near Bruhl, i^ said to t'ield a greater prop..irti'''n of du.'fl- 
latiun products tiiaii does the underl\'ing earthy cecil : hut it is much 
mixed with clay and has a great percenta.ge c.f water; 1ioth water and 
ash decrease downward in the mass of the lied. The thickness in the 
area of earthy brown coal varies greatly and ahriipitiy ; in the Bruiil- 
Liplar region it is from 5 to 104 meters. 

The Rhenish brown coal contains in manv places what is knccwn 
as oolite wood, the woody matter being largely or whollv replaced 
with spherules of carbonate of iron. In searching the survey csal 
collections at Berlin, Gothan-"' found a piece of the brown coal from 
the Donatus mine near Cologne, which contained similar sphentles 
of carbonate of iron. Deposition had not been cc-infined to th.e wr.c'id, 
but had reached into the actual peat. Specimens w ere obtained from 
Flngel. wito had mapped the area, and they proved to be a part of tlie 
bed replaced with material like that of the plant-balls described. Iw 
Stur. Gothan suggested the name of Torfdolomite. hlicroscL'pic 
examination by Hurich showed that the plant remains as a rule are 
not well preserved; they are s<i disintegrated that in manv ca'C' thev 
cannot be identified. Roots are be.'t jireserved, proliahlv liecaU'c tlie\ 

-'"•■W. Gothan uiid O. H..rich, " Ue-ber Analoga der Turfdoli unite (Coal 
Balls) des Carbons in der rhcinische Brauiikoble." Jahrh. k krciiss. Landc- 
sanst., Bd. XXXL. Teil IE. igio. pp. 38-44. 
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entered when the surrounding mass had already become peat. They 
show no sign of compression. Some fragments of stems show the 
great lacunte characteristic of plants belonging to a moist habitat. 
The great variety in the plants suggests that the deposit is a typical 
W'aldtorf, which accords with the belief that the brown coals were 
deposited as W'aldmoors. 

A on Gumbel-““ examined the Blatterkohle obtained near Bonn. 
After treatment with Schultze's reagent, it showed under the micro- 
scope only scattered plant cells, exines of pollen, algae-like clumps and 
some very indefinite particles, which appear to correspond to bits of 
animal matter. The descriptions by Horner, v. Gumbel and Heusler 
show that Blatterkohle is of sapropelic origin and that it is wholly 
similar to Lebertorf. 

De Scrres-"' described Oligocene brown coals in southern France. 
At the important gypsum cpiarries of Lac, near Xarbonne, he ob- 
served that between the beds of gypsum there are others, marly and 
containing remains of plants and fishes, the latter being freshwater 
forms. Dysodil. like th.at of Sicily, occurs in layers between thick 
beds of marl overlying the gypsum. It is typical, in paper-thin 
laminte and burns quickly with an abominable odor. Between the 
laminte are enclosed imprints of fishes and plants, the latter appar- 
ently dicotyledonous. The number of fishes is prodigious ; there are 
not merely imprints, there is even the actual substance, at times, in 
the marl beds and between the dysodil laminte. The lower part of 
the section is mostly a limestone mass with lignites (brown coal). 
The succession near Caunnette is: (if Calcareous sandstone, belong- 
ing to the compact gray macignos, exploited at Carcassone, 40 to 50 
meters ; (2) freshwater limestone, fissile, whitish, without trace 
of organisms ; ( 3 ) limestone, very compact, with many fluvia- 
tile shells. Lymncca and Planorhis being most abundant, 10 to 20 
meters ; (4) argillaceous limestone, allied to the macignos. 2 to 4 
meters; (5) verv bituminous freshwater limestone, divided by thin 
lavers of hard, black, lustrous lignite. 10 to 12 meters; (6) carbona- 
ceous ^hale, blackish, “nerf" of the workmen, contains numerous 

C. fV. V. Gumbel. Bcitragc.” etc., pp. 146-14S 
• yi. de Serre.s. " Ob.-ervations seolo.aiques siir le Departement de 
r.yude." Soc. dcs Sli. L:Uc. 1S35, pp. 439 “ 47 i. 
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Ly)iuuca and Phinorbis: 17) fir^t liyiiue. friable and of iinenor 
quality, often lias Lyiiiiuca and nuiiorhis in toy pornoii. 0 50 to i 
meter; ( 8 1 blackish carbonaceous ^Iiale, with river .-lieU' and kiiineis 
cf freshwater limestime ; lui second liqmiie. better than the tir't, but 
more irregular, O to 0.50 meter; iioi blacki'h carbL'n;iceou> -hale 
with freshwater limestone, holding i'juo. Lyiiiiiud ami I’Unidi-lus . 

I II I freshwater limestone, with more or le.'S c>f lignite. 10 to 15 
meters; i u 1 third lignite, very irregular, rarely thick cm 'Ugh to be 
mined ; ( 13') irregular freshwater lime'tone resting . n the mimmulilic 
limestone 

Uiiio and Cyclas occur, though somewliat rarely, in the t'aunnette 
lignite. Near the village of Songragne'. de Serres fenuid lignites 
of apparently the same age, associated with blackish, bitumirous 
marls, which contain much jiyrite and some jet. The lignite en- 
closes many nodules of amber, at times as large as a hen's egg. Some- 
are translucent, others opaque, but all yield succinic acid.. The note- 
worthy feature is the mass of freshwater limestiine, with minimum 
thickness of 250 feet and interrupted only by freshw ater carl.n ittaceous 
shale with lenses of brown coal. 

The Eocene Coals. — Molengraalt'-"' has shown that coal-fortning 
conditions existed in central Borneo during the Eocene. The ccial is 
thin at most localities but occasionally it is of workable thickness. 
One exposure on the INIandai River has a bed, one meter thick, 
enclosed in shale and rich in carbonized tree trunks, which are partly 
silicified. Clayey layers of an overlying sandstoite contain many 
impressions of leaves. On the Tabaoeng River, he saw a lied, in 
three benches, 4, 1.40 and 2 meters respectively, separated by thin 
partings of shale and clayey sandstone, in which are concretions 
with plant imprints. The lower benches are fissile and evidentlv of 
poor quality, but the top bench consists of black pitch-coal, wliich 
seems to be good. These localities are within one third of a degree 
north and south from the equator. The sandstones of thi- crial- 
bearing group, not more than 40 meters thick, have grains of coal at 
many places and the associated volcanic tufts, of undetermined age. 

G. A, F. Molengraaff, “ Geological Explorations in Central Borneo,” 
1902, pp. 59. 60. 93. 
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contain erect and prostrate sterns, which, according to IMolengraaff, 
are distinctly in loco natalis. 

Hutton'"'' described important deposits of brown coal in Xew 
Zealand, which belong to the Upper Eocene. At one locality he saw 
two beds, 6 and 2 feet, underlying and overlying shales with leaves; 
the dip is 25 degrees. In another valley, the upper bed is 10 feet 
thick and has dip of 10 degrees. The mining operations are exten- 
sive and the coal everywhere is rich in ” ambrite." In a later publica- 
tion, he refers to bituminous shale near Dunedin and to a similar 
shale near Orepuke. That near Dunedin varies in thickness from 
o feet to 18 inches within a distance of 20 chains — a pronounced lens. 
It yields 42 gallons of crude oil per ton. The Orepuke shale is 
equally rich. 

The coal of Haring, in the Tyrol, and its peculiarities have 
attracted notice from numerous students. Reuss-^“ stated that the 
coal rests on gray to brown ;hale-clay, which becomes increasingly 
coal-like as it approaches the coal : at the same time it becomes more 
calcareous and finally passes into a crumbling coal, mixed with marl. 
It is rich in shells. Helix, Planorbis and a small bivalve, usually so 
crushed as to be unidentifiable. Some layers seem to be composed 
wholly of these shells : no remains of plants were observed. The 
coal, at times 30 feet thick, varies from Pechkohle to shining black 
'■ Schieferkohle " and nowhere shows any woody structure. The 
benches are 3 to 6 inches thick and the partings often consist of 
bituminous limestone, with nests of more or less shell-bearing lime- 
stone. The dip is from 30 to 35 degrees. The roof is a thin-bedded 
fetid limestone with many indistinct bivalves and. more rarely, Fusiis 
and Rosfcilaria. It contains also abundant fragmentary remains of 
I'lants. among which Saiix. Erica, palms and other forms have been 
identified. 

A'on Gumbel-“ speaks of this coal as embedded in undoubted 
marine marl deposits, containing both brackish water and freshwater 

F V. Hutton, Reps. Xew Zealand Geol. Survey for 1871-72, pp. 107, 
108, iSi : " Geolo.sy of Otago.” p. no. 

" Reuss, " Geognostische Beobachtungen durch Tyrol,” Xcucs Jalirhuch, 
1840, pp. 162-164. 

C. \V. V. Gumhel, " Beitrage,” etc., pp. 149, 150. 
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as well as land shells, along with rcntains of j-lant'. Ihc ',.(_cnl’.ar 
features .jf the deposit led him to recugn-./e a condiia-n anal 'U'JU-. 
to that t.f ccdair swanii)^ on the low b. T.hr "f a iiay. d'reate.l nu 
ScliultzeX reagent, the ctial shows un.der the niiei'' --O' ipe li'a.t e 
brigltt las'er? are comjinseel of lea\es, cpiileriids aial pl.ut-pari-- auIi 
parenclgvmatous structure The dull layer- are u.-jire mr a.'aie 
Fascrkohle is qr.ite abundant. 

Haidinger,-'- 20 years earlier, had described a c’.iar:icter>'.;c :rae- 
ment of mineral cltarcoal obtained at Haring, lie lb. 'Ugii: r. ; 
ably an inclusioti in the peat from which tiie brciwn c>'i:il wti' fi.irwo; 
This Faserkohle passes so grailuallt int' ■ the enct:i<:i:g ghince c- m! 
that Haidinger was inclined to believe it a case of external C'*".- 
version into coal. At the same time, the Faserkc'lile is interwotcu. 
with vein-like lines of bright coal, wdtich in his opinion could haw 
been introducedi only in a gelatinous cotidition like that of d.'ipif.eriti. 

Fleer--" notes tliat, near the Durnten Schiefcrkehle area, a Jepci-it 
of lignite occurs in soft sandstone of the Molas.-e. It ciiti,n cen- 
tains tree trunks but other parts of plant- Iiave hec'':’io ir.ilistinetii-l’- 
able. Yet one finds marsh plants in the ir.<'uls overlting the lignite, 
while the underlying limestone contains Unio and P/j/tor'a's. 

The Eovey Tracey deposits in Devonshire, England, were d.c- 
scribed in great detail by Pengelly.-^^ They had been subiec: ^ 1 
discussion during many years aiul the associated clays hadi hecn tttt- 
lized on an extensive scale. The excavation, at tlie time of V'er- 
geliy’s examination, was more than 100 feet deep, 350 feet wi>l.c att 1 
alm't'St 1,000 feet long. Ilis section, greatly cond.ensel, is: L'la}-. 
sandy days, thin sands and 4 bed> of ligu.ite, 7 v'l 15 incite: tltick ; 
this lignite is poor, loose, brittle, wori.ly; the clat - are d.aik to grata 
with streaks and fragments of lignite, 37 feet 7 inclie<: lignite w.th 
partings, 14 feet of lignite in 5 benches with abC'Ut 7 feet of dav in 
the partings ; the uppermost bench is more or le=s wood-like and at 
the bottom is a mass uf dicott lode 'ii- lU.- leave-: iwoi cf tb.e da\ ;oirt- 

\V. HaiJiiieer. J’crlua^d!. k. k. Oce/. K.'ulisd. : . Lid. X 1 \X iXa.]. p, 241. 

- 1 " O Hecr. "The Prim:ev:i! World of S\\ U/erLir.il." Ercr Tiar,- , I.t.r.a.ot'.. 
1876, \'ol, I„ p, 32 

svi w. Pcii.uelly. ‘'Lignite and Clay- of Boviy TracLy, I ondnre," i'ir.l 
Trans. Roy. Soc., Vnl, 152. 1863. pp 1010-1038 
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ings have streaks or fragments of lignite; the thick bottom bench is 
Xo. 25 of Pengelly’s section, 20 feet ii inches; clays and sands, 
stems and leaves are abundant in the upper half and thin streaks of 
lignite were seen in the lower part, 44 feet i inch ; lignite with part- 
ings, 17 feet of lignite in 9 benches and 3 feet 2 inches of clay in 
the partings : the lignite benches are 3 inches to 4 feet thick, 20 feet 
9 inches. 

Roots descend from the lowest bench of the upper lignite into 
the underclay and the coal of that bench consists very largely of 
fronds of great ferns associated with leaves of other plants. The 
lower bed shows noteworthy variation in its benches. The third, 
descending, is woody and somewhat charred; the fifth and sixth are 
very hard and compact, not so tough as some of the others. The 
bottom bench is divided by a thin parting of charred lignite” into 
an upper portion, 9 inches thick, which breaks into " irregular glassy 
pieces,” and a lower portion. 3 feet 3 inches, which is hard light 
brown, less heavy than the ordinary lignite, is brittle woody and looks 
like ordinary coal. [Mineral charcoal is present in all the benches. 
Of the about 50 species of plants recognized by Heer, Sequoias are 
most abundant and they form the greater part of one bed. Cony- 
beare-^^ has remarked that, in the Bovey Tracey area, one can see 
■■ the most decided wood pass into a substance no wise differing from 
common coal in chemical chardeters.'' 

The Lower Tertiary coals of the United States of America are 
of great economic importance. They are of all grades from woody 
lignite to bituminous, even coking coal, and anthracite : and all are 
utilized. The basins and the fragments of basins which have escaped 
erosion are mostly in areas bordering on the Rocky [Mountain region ; 
but besides these there is a very extensive area in Texas and petty 
deposits are found in a few other localities west from the [Mississippi 
b'alleyo 

The deposits carrying brown coal in Texas have been grouped by 
Dumble-^® into the Timber Belt, the Yegua and the Fayette, the last 

-1"' W. D. Conybeare, “ Outlines of Geology of England and Wales,” 
London. 1822, p. 345. 

E. T. Bumble, ” Report on the Brown Coal and Lignite Deposits of 
Texas.” Austin. 1852, pp. 125, 135. 151. 165. 
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being the newest. Coal beds from a few iiiche' to lo nr more feet 
thick are numerous in the Timber Belt. The enclosing cia_\ s, m many 
cases, are extremely dark and contain much silicihed wood as well 
as lenticular masses of iron carbonate. Silicified wciod i.- al)nniiant 
in the Yegua. 

Penroje.-^' in a publication of .'oinewhat earlier date, elc-scrihed 
the lignite as occurring in a broad area, which in sen’e portion' ex- 
t.’ub ea>tward to within 150 miles from the Gulf coa'i. lie si.je.- 
rated the rock.' into two divisions of which the upper ma_\ be .Mi"- 
cene. The coal beds are often double, as shown by a 'cction in 
Robertson county, where the benches. 12 and. z feet thick, are .'epa- 
rated. by .2 feet of clay. This is the importtmt bed of the lower gV'.aip 
and it' coal is lignite, black, friable* ami woody. Tlic upper gr-up, 
along the Colorado River, has beds one to 10 feet thick, s, ,n’.e ■ i 
which contain masses of wcoii, indmling tree trunks partly siiicifieu. 
partly lignitized. The coals of this upper group are all in lenticular 
deposits. Texas brown coals hold not only trunks. Ijranches am.: 
leaves of trees but also reeds and other lorni' cliaracteri'tic of 
swamp vegetation. In some beds, the coal shows distinct vegetable 
structure, but generally the m.ass of the material lias been so 
thoroughly converted that no trace of structure is visible to the 
unaided eye. Frequently the coal is amorphous and soft, while at 
others it is hard, black, brilliant, with either cubical or conchoiLlal 
fracture — but all possible gradations exist between the'C extremes. 
The rocks throughout are undisturbed and coal of both types appears 
often in a single section. At the San Toma' mines. 25 miles above 
Laredo on the Rio Grande, a coal bed was seen with thi' structure : 
lignite. 2 inches; clay, 4 inches; coal, i foot 3 inches: black c!a\ . 2 
inches: coal, i foot 3 inches. The underlying clav ccintaiu' iu't 
below the coal streaks of lignite — a faux-mur. The coals are nia'- 
sive glossy black and with conchoidal fracture. Avithout trace rif 
vegetable texture ; but the thin top bench is a time lignite with the 
plant texture tvell-preserved. Kennedy-^' in the same state found 

R. A. F. Penrose. Jr.. “ Preliminary Report on the Gulf Tertiary of 
Texas.” First .A.nn. Rep. Geol. Survey of Texas, iSoo, pp. a6, 43, S2, 53, 94, 95, 
H, Kennedy, “Harrison County”: J. H. Herndon, "Smith 
County”; Second Ann. Rep. Geol. Survey, pp. 155, 156, 267. 
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at one locality, two embedded trunks. i6 and 20 feet long, 18 and 
20 inches thick. Ihe shorter stem was silicified throughout but the 
other was so at only one end, lignitized at the other; the conditions 
merging imperceptibly. At one place he saw a silicified stump, of 
which the interior had decayed before, silicification began. Herndon 
observed that within Smith county the coal beds are lenticular; the 
coal is brown to black, earthy to hard and frequently contains resin. 
Phillips and Worrall in 1913 estimated the brown coal area of Texas 
at not less than Go.ooo square miles. The coal in many mines is very 
tender and the loss in screening even the freshly mined coal is very 
serious. 

D. White-^° studied two typical localities in the Texas field, 
whence a lignite, not very wood-like, is obtained. The deposit near 
Hoyt in A\'ood county appears to have been made in a bayou or 
lagoon of irregular form, one half to three quarters of a mile wide, 
and it thins toward the margins. The floor is butt sandy clay, trav- 
ersed locally by large roots of land plants, clearly in place. The coal, 
with maximum thickness of 9 feet, is dark brownish black, fairly 
well bedded, mostly moderately xyloid but with many lenses of 
brownish, more massive coal, with conchoidal fracture, waxy to 
satiny look, and amorphous ; zones of well-laminated coal were seen. 
These, darker than the main benches, show cuticles and small woody 
particles, like much Palteozoic coal. The lenses are more or less 
canneloid. Amber is present in the upper part of the bed, which is 
distinctly xyloid : mineral charcoal is not abundant, but there is 
an inch parting which consists of densely matted fragments of char- 
coal. There were large trees, one log, partly silicified and somewhat 
flattened, was more than 70 feet long. The roof varies : at times it 
is “ dirty coal,'' at others it is a bony coal and occasionally it is a 
carbonaceous clay, several feet thick. 

The deposit near Rockdale was laid down similarly in an estuary 
or bayou, 10 miles long and one half to one mile wide. Two beds 
are worked by many owners in tliis area. The floor of the upper 
bed is gritty clay overlying sand and well-filled with roots, travers- 
ing the old soil in all directions at angles to the bedding ; some of 
these are more than 3 inches thick. The bottom bench of coal con- 

- 1 ® D. White. " Origin of Coal,” Bureau of Mines, Bull 38, 1913. pp. 12-19. 
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>'>ts of one to 3 inches of "black jack." a stiff, black ccolt' n.iaterial 
witli fragments of wood and stems. The coal i' cE.in a.nf. '<•'.!.! 
for fj feet: aboce that it is ^lreakcd with tliiti wa-'-'-e'- of white .'tioil 
and dirt and irregular lenses of sand wliicli seem t • I c m r:o: X- 
Higher, the sand washes are thicker and at lengtli gredr 'ninote, 
with intervening black muds, carrying waterwcun tegetahie n a- 
terial'. oVbove this is compact laminated clay, 3 feet tliick', w .t'a 
manv stems and traces of wliat appear to be t'-'i., I'lw fpoer ; .itt 
of the dirty coal, where it begins to be laminated, is rather d.-.'ti-n 
marked with roots, branching rather irregularly ih wnv. ait! ai-f. - - w 
of them appear to have extended a long distance intoi the c al iiel . 
Xlany of these seem to have rotted and the cat ities to iuive heoii 
filled with white sand and data disfiguring the coal. Amber ot 
fossil resin is abundant in some layers and the etrai ha,- i'jints, 10 
to 12 feet apart. The lower bed rests on drab day, lilleil tsiih r iits 
in place, which is covered by a thin layer of ofid humus, £< ill nveil by 
more than 6 feet of black, splintery coal with conchoidal fracture, 
becoming dirty and laminated on top. Un tins rc^ts hgiit-c.'. red 
clay with carbonized roots, 10 to 30 inches thick, which is 't'.oceeded 
by 6 to 18 inches of coal. Tree fragments are fairly C'.i’mm-'in in 
this lower bed. White's description shows that the faux-t' it is 
characteristic at both Hoyt and Rockdale; and that the faux-miir is 
present throughout at Rockdale. 

At Lester, in (Juachita county of Arkansas. tl:e lenscs O'f canr.el- 
oid coal are such that White regards them a? presenting tlic lignite 
stage of cannel. The locality is in the Camden coal fieM, wliiclt i' a 
small, irregular and very shallow basin with extreme eh.mcusieiiw of 
7 by 15 miles. The rocks are uncon=olidated sands and ciavs with 
some ferruginous sandstone. There is one workable coal ried. varv- 
ing from 2 feet 6 inches to 6 feet, owing to the uneven floor. Titi^ 
floor is usually clay and holds no roots, except in one jiiace, where 
it is sand and shows many roots in place. In one pLn'tii>n rjf the 
field, a carbonaceous mud forms the bottom of the bed and contains 
lignitized stems and twigs with fragments of ferns ami dicotvledons. 
The roof is a light gray plastic clay. The coal or canneloid lignite 
has the general structure and appearance of a somewhat impure 
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cannel, is so solt and tough that it can be cut with a knife. It is 
free from foreign matter except at the bottom: occasionally a thin 
cariior.aeeous mud, with slender stems as jet-like fragments covers 
the coal and a thin xyloid bench was seen midway in the bed. The 
c-nl has h.igh volatile, high illuminating power, high heating effici- 
ency and gives copious yield of cil when distilled — the best yields 38 
gallons per ton. 

1 Iiiessen.--" in discussing this Lester material, says that it con- 
sists of vegetable debris from a herbaceous flora, but contains bits 
of angicspermous and gymnospermous wood, showing that a wood- 
flora existed. Everything is so well disintegrated and decomposed 
that very little is recognizable except the most resistant parts of 
plant'. Exines of spores and pollen grains, resins and an undeter- 
mined waxy or resinous substance are consjiicuous. The interstices 
are filled with more finely macerated parts of those constituents. 
Spores of fungi are present but are not abundant. The spore exines 
are mostly those of ferns, there being few from lycopods. while the 
pollen is both angicspermous and gymnospermous. Spores and 
pollen grains make up about 30 per cent, of the mass and are associ- 
ated with abundance of cuticles. The resinous bodies are of two 
kinds, one. the lighter in color, is the more refractive and is paraffin- 
like in consistency : the other is less abundant and less retractive. 

Eocene coals of the Rocky Mountains and adjacent areas are 
especially important within the states of L'tah. Wyoming. [Montana 
and North Dakcta. where mining operations have been extensive at 
many places. The citations which follow are mostly from the more 
recent publications, as those of earlier date were made when oppor- 
tunities for observation were not so good and dependence had to be 
almost wholly on natural exposures. 

In one area within Utah. Richardson’"^ found the coal between 
beds of freshwater limestone, black bituminous, containing abun- 
dantlv the crushed shells of Sphcrniim and Pliysa. One bed is 36 
feet thick, with 4 partings, of which the thickest is but two inches 
and a half. The rocks are faulted and the clip is from 10 to 15 

220 p; Thiessen, “ Microscopic Study of Coal,” the same. pp. 232-238. 

G. B. Richardson. " Coal in Sanpete County. Utah,” L’. S. Geol. Sur- 
very, Bull. 285, 1906, pp. 281. 
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degrees. The coal, as far as proximate anal}'is .-hnw'. is a very 
fair bituminous coal. Tlie deposit is irregular and, in mie iIirectiMn. 
thir.s away within two miles. 

Eocene deposits cover a great part of eastern \\ \(iniing. iatt--- 
founJ that, in the Sheridan coal field, the igiper member e f the 
Fort E'nion, about 2.200 feet thick, consists of friable, li.K'ch' cr.n- 
solidated sandstones, coal beds and slightlv iii'lnrateal shale-', ail with 
gentle dip, seldom exceeding 4 degrees. The coal beds are in tb.ree 
giTiujis ; the lower or Tongue River contains ascending the L'anie} , 
IMonarch, Dietz, Xo. 3, Xo, 2 and Xo. i. Smith and Rolan,; cojl 
beds, all of which are of workable thickness, the thinnest being 5 ami 
the thickest somewhat more than 30 feet thick. The Intermediate 
group contains some lens-like coal beds, which at some places are s,f 
sufficient thickness for mining. Tlie Ulm gisaip highc't has twe"> 
beds ID and 12 feet. Xearly all of the beds are at least double ami 
some of the highest beds are broken by partings. Tlte coal i- ap- 
parently almost uniform throughout : tlie weather attack' all alike. 
The only important distinction is that coal from the Intermediate 
and the Ulm has somewhat more water and shows the texture or 
fiber of some plants, whereas that from the Tongue River, though 
high in water, shows no woody texture to the naked eye. The 
thicker beds for the most part are without lamination : silicified 
wood is not rare. 

AVegemann--^ examined an area conti.guous to that 'tudied bv 
Taft in northeastern AA'yoming and continuous with the extensive 
fields of eastern Alontana and western Dakota. The exposed rocks, 
about 1,000 feet thick, belong to the upper part of the Intermediate 
and lower part of the Ulm, as defined by Taft. AA'egemann saw 
many local unconformities and great variations in the rocks. .V 
notable feature is the coarse sandstone filling channels in beds of 
coal and shale, due clearly to subaerial erosiiin. The cross-l)efl,Ied 
sandstone denoting shallow water, the fine shale, proof of quiet 
water, the numerous coal beds and the repeated evidence of sult- 

J. Taff. “The Sheridan Coal Field, \^'yoming.'’ E, S. Gcol Survey, 
Bull. 341, 1909, pp. 127-130. 133. 144-147. 

C. H. Wegemann. “ Barber Coal Field. Wyoming," E. S. Geol. Survey, 
Bull. 531, I, 1913, pp. II, 12. 19. 
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aerial erosion are regarded as marking the presence of a great river, 
meandering over broad flats. 

The coal is dull black with vitreous streaks ^nd is brittle ; but 
the woody origin is still distinct and fragments of Sequoia are 
abundant, a-jsociated with leaves of dicotyledonous plants. Trunks 
and stumps, erect or prostrate and partiallv sllicified, embedded in 
the coal or projecting from the sandstone, are by no means rare. 
Coal beds are tmually Ic-^s variable than the other members of the 
section. The Healy coal of the I’lm group has been traced in an 
area of about 600 square miles, but the name designates a horizon 
rather than a coal bed. Where it is a single bed, it varies within 
short distances from a few inches to 18 feet, but often it is repre- 
sented by a series of beds in a vertical section of 50 feet. This 
horizon i^ e.xceptional in e.xtent. other beds, as a rule, having very 
limited area. One, 15 feet thick, quickly thins to a few inches and 
disappears ; often a bed thins away and another is seen in the section 
at a little above or below its place. These are merely overlapping 
lenticular deposits. Contemporaneous deposits of coal are frequently 
separated by barren spaces. That these conditions, described in de- 
tail by \\'egemann, are characteristic throughout Wyoming is evi- 
dent from the incidental refe'rences by other observers. 

Eocene deposits cover much of eastern ^Montana, extending 
northward across the state from Wyoming into Canada and east- 
ward into North Dakota. The isolated basins of eastern [Montana 
have been studied by several geologists. M’oodruff and AA'oolsey--^ 
examined fields on the western side of the area, where thev observed 
conditions hardly differing from those seen in Wyoming, Wood- 
ruff states that the coal beds with maximum thickness of 5 to 10 
feet were evidently formed in basins. IManv of them have carbona- 
ceous shale, at times containing streaks of lignite, as floor and roof : 
at one mine he obtained Unio in the roof. Woolsey remarks that the 
coal beds in his area are very irregular and are lenticular. Resin is 
especially abundant in the Bull Mountain field, where the beds are 

--^ E. G. Woodruff, "The Red Lodge Coal Field, Montana”; L. H. 
Woolsey, " The Bull Mountain Coal Field.” U S. Geol. Survey. Bull. 341. 
1909. pp. 94-97, 103, 104: 62-77. 
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hrriken b\' many ])arUHg> anF t'.ic Ciaal, more ur R'- Ia;r.ii!a;o.!, ;s 
jr'inteil. 

A .'mall area examined ''V Ri 'ger^--'' i' lartlier ii nlaa'i : tlieie 
rhe me>rc imlarated reick' i‘f tl'.e ln’aer divi'l.ei ''-.oiv.v tm.al eraek'. 
c'Ti.'^-bedding ami rippleFi surface' The c. al e.’ tl'a: a i- 

brittle and fairly C' 'ntiiact. thriugh ’n e, i:re cti-e' th.e \\ ■ ’ textu.re 

i-i riiet’.nct. Tile cca! of tr.e upper divi.eiosi nieorh' lienitic: but 
tliis distinctiein i; n't ab.eclute. far vitree'tm c ,;1 a- !■ uml In .lie cif 

the higher ’xds and \m. ecy lignite i' ly im meini' uncr. urn n in the 

bjwer division. Througdioiit. tlie coal bed.' are irrevnlar. in add part' 
of tlie section, beds thin out and others a-'pear at S m- lo feet liigb.er 
or Iriwcr. so tliat Regers is contpeiled te reC'.ignize Itorizeir.' rati.er 
tlian conteniporaneee.is separate depo.'it', 

Fartlier eastward, beyond tlie Yel!en\>t.:.nc River, one reaci'e.' 
tlie great lignite area with, its numerous imiepemletit ba'iii', ,\h.cii 
were examined by Bowen. Herald, \'anee. Stebinger and. lleck'w--'' 
The southern or Baker held sliows mostly ligiiitic c:ak WL'oidiv in 
structure, brown and tough: the beds are broken by partings of con- 
siderable thickness and the benches are seldom of workable thick- 
ness. Ill the Terry held, all the deposits are irregular : the coal beds 
vary abruptly in thickness and ciiaracter, often changing fri.ini c a! 
to shale within a few yards. Even tlie comparative!}' pcrsi^teIl: bed 
at the base is soj irregular that Herald is inclined to speak of i: as 
a ■' lignitic zone,'’ The lens-like form of the depo.sits character- 
istic throughout. The Glendive area is somewhat farther north. 
The lowest coal bed is apparently continuous along an outcrop of 
150 miles, but Hance found it extremely variable in thickne^' and 
quality. Its coal is inferior to that of the bed, 50 to 150 feet higlier. 
In places, two sets of joints are distinct. 

Stebinger, after study of the Sydney held, which extends tci die 
Canadian border, was not willing to admit that the lens-form is a 
persistent feature, though he recognizes fully the alu'iipt ami ex- 

G. S. Rogers, “ The Little Sheep Mountain Coal Fielfl," U S. Geol. 
Survej', Bull. 531 F, 1913, pp. 9, ii. 19, 20. 23, 24. 

=2® “Lignite in Montana.” U. S Geol. Survey, Bull. 471 D, 1012: C F. 
Bowen, pp. 21, 38* 39: k. .-k, FEerald, pp. 56, 60, 62, 78: J. H. \^ance. pp. .'Sq, 92, 
97, 98; E, Stebinger, pp. 106, 107, 115; A. L. Beckley. 152, 
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te^^ive variation in coal beds. Two beds appear to be really per- 
sistent for long distances; he had traced for 120 miles one which 
he regards as the equivalent of a bed in Xorth Dakota. The coal is 
lignitic throughout, though it often resembles sub-bituminous. After 
weatliering. tlie grain o: the wood disappears, the color changes to 
black and the material is no longer tough, but is brittle. The greater 
part w;i' formed from trunks of trees and fragments of wood ; even 
entire logs, usually prostrate, can be traced on the fresh face of a 
mine Coial in the lo)wer 500 feet of the formation is less woodv in 
appearance th.an that from tlte upper 500 feet. The extreme vari- 
a'-ilit}’ rif the coal beds led him to infer that conditions were very un- 
stable in the old moors. Beckly found the lignite very tcrngh aii'.! 
wood-like in the Culbcrstc.n field. 

In considering the remarks on IMontana areas, one must bear in 
mind that in most of the region the studies have been confined to 
natural outcrcsps and that tracing of th.e beds lias been made in con- 
siderable areas by means of clinker lines, the burned outcrops. Ex- 
tensive mining operations are concentrated, the localities being very 
few. The intervals between coal beds are reported as varving 
greatly. Speaking in a general way. it would seem that the mea.sure- 
ments are too few for determining whether or not such variations 
are merely irregularities. The comparatively few detailed measure- 
ments are not enough to show the relatlnis of the several benches 
of any bed in a large area. There is enough, however, to raise doubt 
respecting the actual continuity of the beds for any considerable 
distance. 

Leonard.--' in his synoptical description of the Dakota region, 
calls especial attention to the great variability of the accompanying 
rocks. The coal seams are from one inch to 33 feet thick and usu- 
ally they are not persistent in extended areas. A seam mav be 
pinched out or perliaps it may be replaced by another at the same or 
a slightly different kiorizon. Two scams may overlap, so that while 
br)th are to be seen in one section, only one of them mav be present 
at half a mile away. Some can be traced in the river bluffs for 

A, (I Lcunard, " Xorth Dakota-lMoutana Lignite Area,” L'. S. Geol. 
Survey, Fuill aSs, lood), pp, .siff.t.so: A. G, Leonard and C. D, Smith. “The 
Sentinel Luttc Lignite Field.’’ Bull. 341, Pt. a, lyoy. pp. 15-35. 
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several miles, but sooner or later they di.--a[)pear. In Dakota, the 
coal is largely wood-like, tough and showing the grain: llatteneJ 
trunks of trees frequently differ little from wootl e.Kcept in color. 
Often, the same seam is composed of alternating later^ of tough, 
brown lignite and of black, lustrous nii.re brittle material. 1 he 
character of the coal chan,ges toward the west: in Dtikotti it i' woijdy 
and I.jrown, but just beceiid the iMontana line it is largely In^trou.-: 
the 'ame feature was observed still farther we.'t at Cilendivc. 

Leonard and Smith saw 9 ccia! beds of worktible ihickne". the 
lowest of which, according to Beckl_\', is about 400 feet al)ovc the 
Glendive bed — at the bottom of the Eocene. As rc'Ult of brciader 
studies, they modify tlie general assertion of lens-tVjrm ami a^ert 
that some of the important beds have been traced continuon.-ly for 
24 miles, while they have been correlated with much certaint\ for 
greater distances. Dijis are very gentle throughout the regi^ m e.x- 
aniined. Pockets of lustrous, black, te.xtureless and brittle era: are 
scattered through many seams and are less pure than the '.ignite 
The Eocene coals continue into Canada, where they becri;ue less 
important and are overshadowed by those oi the IMesozoic 

D. \Miite--" examined several localities within the Dakota re.gion 
and gathered material, which was studied microscopically by Thies- 
sen. The observations are so important that they must be given in 
full abstract. The coal bed. mined at Wilton. Xorth Dakota, is 
near the bottom of the Fort L’liion enr early Eocene, a freshwater 
formation, which stretches, in almost horizontal condition, from 
central Xorth Dakota westward to the fuot of the Rocky IMountains. 
At Wilton, the floor of the bed is white plastic clay, 4 to 5 inches 
thick, resting on white sandy clay and occasionally showing large 
roots in the place of their ,gro\vth. The thickness of the c al i.-^ .-aid 
to average about 7 feet, with a maximum of 14, The In west 18 
inches is a good lignite, broken by very thin clav jiarting-: a b.alf 
inch parting of mineral charcoal ajipears at several feet higher. A 
thin bench was seen, consisting of laminated o'.al. which resembles 
the bituminous types of Palaeozoic and iMesnznic. The top coa' in- 
cludes a bony bench, formed apparently from dead aquatic or far- 
decayed ve.getation min.gled with mineral sediments, and a brownish 
--- D. \Miite. “ Ori.sin of Coal.” pn. 7 - 11 . 
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layer near the bottom appears to contain grasses, stem fragments 
and chips of wood. The basal coal is almost black as are also the 
lenses or local layers of amorphous coal. When freshly mined, the 
mass is distinctly woody, tough and somewhat elastic ; some large 
pieces are brownish-yellow as if from a recent bog. Often the 
'■ brown wood of a single piece verges into black, and even into a 
typical glossy lignite, having a conchoidal fracture and approaching 
jet. It is notable that the probable saturation with decomposition 
products in .^elution, that has produced the jet-like wood, resembling 
black vulcanized rubber, has not penetrated to the center of some 
of the fragments, which are inwardly brown or even yellow." Parts 
of some fragments appear to be charred while other parts are brown 
and woody. Wood makes great part of almost all the hard pieces 
examined, and logs, lying in all directions, are frequently in masses. 
To the naked eye, resin appears to be p^e^ent in small quantity; 
silicified stems rarely occur. 

The noteworthy features of the bed at Wilton, as summarized by 
White, are (i) an underclay, seemingly penetrated bv roots; (2) 
evidence of periods, when herbaceous vegetation held the ground in 
certain areas and produced thin benches ; ( 31 evidence of periods of 
great accumulation of tvood of arboreal size; fq') relative scarcity 
of thinly laminated earthy or amorphous lignite (peat), this being 
dependent on the more or less nearly complete decay of the plant 
tissues: ("5) evidence of frequent near approach to asepticity in the 
water body, so that decay seems to have been arrested quickly: (6) 
evidence that the surface was exposed at times to air. leading to 
formation of mineral charcoal. He thinks that the high water-con- 
tent is a legacy from an unreduced or immature brown peat and also 
that the accumulation' of logs, decayed only in part, indicates rapid 
growth of the coal. 

The coal at Glendive, IMontana, is very near the bottom of the 
Fort Union ; it has been followed in a northerly direction for more 
than 50 miles. The fuel is dull black lignite, containing a large 
proportion of wood, sometimes in great slabs, both dull and jetified. 
X’o roots were seen in the nnderclay; mineral charcoal is present in 
a layer as well as in scattered pieces and the coal contains very many 
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lumps of ambcr-likc resin, some of them apparentl}' stii! aitachei! 
the wood. At the bottom of the bed there is a thin !a}er of >lirt} 
lignite. 

The coal at Lehigh, North Dakota, is in tlie upper purtiiui the 
Fort Union, and the bed mined tliere is but one a' man', _>o 'Lam- 
haring been criunted in one short section. Mo-t of tliL'C hadi ollu 
laid dL^wn in fresliwater swamps: tisuarr i1k\ re-t on uniLrcIa' - 
tut'! frcpuently they have clay parting'. The ihickiiLS' i- reported. U' 
varrdng' from di to 8 and even more feel. " the .leve'.opment- 

being fc>und in the hciHows of the flo.rr, th.e coal tliinning on :d.! 
sides to the ' rise,' though on the wliole it is reiatively regular in 
bedding and thickness." The bed is shigularly clean. Tlie Iciwer 
bench is free from all partings, except the charccal layers, winch are 
apt to be siilphiiroiis. It is a dark brown, earth-colored lignite in 
which the large amount oi wood is noteworthy. The grain of liie 
wood is conspicuous as are also compressed trunks of trce-s witit 
their branches, which compose about 75 per cent, of the whole 
Some logs are gnarly, one to two feet wide and several inches thick. 
Some fragments are fully ietified. others partly so and others still, 
not at all. aseptic conditions having prevented decay. There seems 
to be little resin. The roof and floor could it'jt be studied, but rri-m 
were observed in underclays of some higher beds. 

Thicssen---' studied the coals of Montana and North Dakota, col- 
lected by D. Mdiite. They are all xyloij lignites, consisting of 75 to 
85 per cent, of woody material. The interstices are filled with 
debris from a large variety of plants and parts of plants, a binding 
stuff or '■ Fundamental matter." This semi-decayed, macerated, dis- 
integrated material, composed of wood, part.s of angiospermous ami 
g} mnospermous leaves, herbaceous stents, Itark. root', exir.L' m' 
spores, pollen, resinous and waxy bodies, cuticles, is ceitientcd bx 
matter, which apparently was once pla=tic. SpLifL'; and pcllcn cxim-' 
form a considerable portion of the ma''. TIic trunks of Lxe- .a: c 
wholly of conifers, mostly Taxadfinere and Cimre'dnem, with a few 
Abietinete. there being no stems certainly nv. 'gnizahle a' d.xx.tv- 
ledonoiis. 

He compares the conditions with those oliservcd by him in pc.at 

-OX R, TiuL -'Cn, ■■ t'licro'C' .j'-’c .Stialy i.f Cnal," jip. 
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dei)05its within iMichigan and Wisconjiii, where Thuja occidcutalis 
( white cedar I. Lari.r /aru'hu/ (tamarack) and Picea iiianaiia (black 
spruce) abound, the Thuja being predominant. The growth is so 
dense that only a thin mat of niosse?, liverworts and lichens with an 
occasional herbaceous plant can grow on the ground beneath. The 
peat, on which the forest stands, consists of logs and branches, 
lying ill all directions, much changed and more or less macerated. 
The interstices are tilled with " debris, in which macerated parts of 
stems and branches, cone scales, leaves, thalli of mosses and liver- 
worts, pollen grains, etc., are plainly recognizable. 

Xcithing of algal origin was found in these coals. 

The important coals of Eocene age on the Pacific coast are those 
in the state of Washington, where one finds all types of coal from 
peat-like lignite to hard dry anthracite, passing into graphite. iMuch 
of the area was studied years ago by 11. Willis and G, O. Smith; but 
since their examination, mining operations have been developed on a 
large scale at man}’ places, so that it seems best to utilize in this 
sym.ip^is only the latest results.-''’ 

The Cowditz River, rising in southern Lewis county, flows across 
Cowditz county to the Columbia. The coal in this area is lignite 
throughout except where changed by eruptive rocks. At one locality, 
Collier saw a bed. more than 20 feet thick, as exposed in two open 
cuts, and composed of materia! " apparently little better than peat.” 
It contains fragments of wood, which, though brittle, are flexible 
and elastic. Similar coal was seen in Lewis county, six miles away 
toward the northwest. The wood is so well preserved that one can 
whittle it easily. This fuel has little ash and is given to spontaneous 
combU'tion. Throughout the area, the coal is so woody that mining 
is difficult. 

Some anthracite has been found on the eastern side of Lewis 
county, but most of the coal in that area is semi-anthracite to semi- 
bituminous : the beds are thin and the ash is high. At about 30 miles 

E. E. Smith, " Coals of the State of Washington,” L’. S. Geol. Survey, 
Bull. 274, 1911, pp. 152, 158. 161. 167, 180, 190: G. W. Evans, " Coals of King 
County, 33 ’ashington,” Washington Geol. Surv., Bull. 3, 1912, pp. 28, 29, 31-33, 
59, 65, 1 16, 152; A. J. Collier, "Coal Resources of Cowlitz River \’alley,” 
U. S. Geol. Surve.v. Bull. 531 L. 1913, pp. o. 12. 
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farther west, in the LaJJ area, where dip.' var\ fr. ini 32 tn 4a 
degrees, the coal varies from anthracite t'l l>itnamrin'. h. iih caking 
and non-coking: but in the Mendota-Chehalis area. abL>ni 30 miles 
farther west, the coal is snb-bituminons. Secne "f tlie bed:' in ilii' 
latter area are more than 0 feet thick: the ce'al i' ma'>i\e. liiimledi 
and. in some mines, is on the border line between <ub-l>iiuminons 
and lignite. Tlie dips are from 12 to 54 <legree'. mo.'tly ;ibo\e 30 
At dilendota. where the coal is gra}ish-black and. low grade 'idi- 
nituminons. irregular lenses of soft, cannel-like ccial are pre'eiU. 
\A hen freshly mined, these are black, but they quick!}- become brown 
on exposure. They contain so much volatile matter that when 
ignited by a match they burn like cannel with a long smoky flame. 

In the northern part of F'ierce county. 30 to 50 miles ncTth frtim 
the Ladd area of Lewis, mining operations are e.xten?ive. Two beds 
at Burnett have laminated, good bituminous coking coal, which has 
been utilized in manufacture of illuminating ga'. The dip is 45 
degrees. .\i Pittsburg, two beds with dip of 5S to (o degree' are 
mined and yield bituminous but non-coking coal. .\t AAdlker'Sin, three 
beds, with dips of 20 to 60 degrees in different parts of the same 
mines, give a bituminous coking coal, well laminated, with varying 
ash in the several benches. The jointing is close and there is not 
much lump coal. At Carbonado, 12 beds have been worked, all of 
them more or less broken by partings and with dip of from 20 to 
60 degrees. The coal is dense and bituminous, comparing vcrv 
favorably with good bituminous coal from the Coal Pleasures. The 
lowest three beds are described as coking. At Alontezuma. the coal 
is coking, semi-bituminous and the dips are 65 to 70 degrees. Rewin 
occurs in low-grade sub-bituminous and to some extent in the higlicr 
grades within Lewis, Thurston and King counties. 

Evans made detailed study of the coals in King countv. Those 
in the western part have much moisture and are sub-bituminons. but 
farther east the bituminous type is not uncommon. The newer coals 
are more nearly lignitic than those from the lower beds. Tlirougli- 
out the whole column of about 8,000 feet, one finds great variation 
in composition and, far too often, the a.'h is so almndant as ti3 make 
the coal worthless commercially. Several beds are (juite regular in 
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occurrence within considerable spaces, but they change so abruptly 
in thickness, structure and composition that correlation in the dif- 
ferent areas is impossible : the associated rocks are equally variable. 
The floor is usuallv clay cr shale, often carbonaceous, but occasion- 
ally it is sandstone. Some parts of the county lost much coal during 
formation of pre-glacial valleys, now filled with glacial drift; while 
several coal beds suffered much from contemporaneous erosion and 
were replaced in considerable areas with 'aiid'tone. Evans notes 
tree trunks extending from the coal into the roof. D. White, 
when at Rentoul in 1908. saw ” kettle bottoms." or erect stumps of 
trees, 6 to 18 inches in diameter, standing directly on the coal, with 
black shale and coal filling the casts of the deca\ed boles. The coal 
is distinctly xyloid and jetified wood is strongly in evidence. Evans 
found a silicified erect stump showing the annual rings. Thiessen-®' 
a'Certained that the coat collected by D. White contains a great pro- 
portion of debris, the quantity being almost equal to that of the 
woody matter. The woody component is coniferous and resinous; 
the debris is very resinous, apparently almost one half of its mass 
consisting of such material. Exines of spores and pollen are rather 
abundant but cuticles are rare. 

The province of British Columbia. Canada, adjoining the state of 
^^'ashington at the north, has a number of isolated coal basins, 
mostly of small extent. The available knowledge respecting the 
region has been digested by Dowling,-"^ from whose work this syn- 
opsis is taken. It seems probable that the deposits are of Oligocene 
age in many of the places where the coal is economically important. 
In the Tulameen district, according to C. Camsell. the coal-bearing 
rocks occupv a basin in the older rocks, with an area of about 5 
stjuare miles. The section measured is about 2.500 feet and the 
middle portion, qdo feet, carrying the coal beds, begins at 600 feet 
from the bottom. Four beds with, in all, 20 feet of coal have been 
discovered and prospected. The coal throughout is in alternate 
bright and dull bands, the latter predominating ; but the dull bands 

-■■u D. White, " Origin of Coal.” p. 24. 

--- R. Thiessen, " Microscopic Study of Coal.” p. 243. 

D. B. Dowling. " Coal Fields of British Columbia.” Geol. Surv. of 
Canada, IMem, 69, 1915. pp. 263 ft'.. 289 ft., 298 ft., 309, 321. 
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include nian_\' 'inall lenses of bright coal. Tiie <!iii i' fvnni -’o tLi 70 
degrees, usually about 40 The ash. as sla.iwn 1)_\ the ai'ia!}'e>, i' 
rariier higdi, the samples being prisms f-ap;u the wl'.'i’c heil, Sin-.e 
ijf tb.e coal gives a str...ng c.nterent C"ke 'in Hat Creek, ii M. 
DawSi'U L'btained ihi> sectii'ii: 1 i 1 Hrayi-h aucl brpiwiU'ii 'iiale- .aid. 
san.ly chu-, with thin layer> nf lignite, almut 20 feet: '2 1 lignile 
with shales, sb.aly and. lenticular la_\er^ of 'ilici'iU' hir.e'tpiuc. ir. m- 
st.jiie and ^hale ; the lignite i> fairly g^e'd. f"rm' ab-Ut t\wi tlnril- .'i 
the wlt'.'le aiidi contain? much crumbling amlier. 21 1 feet; 141 lignite 
with little iinpuriiy. c.'mpact below, 'ijfter tibpive. 42 feet. with, the 
bottom n-st reached. 

The lignite of the great mass is without foreign material.' to.'le 
from irregular masses of calcareous or silicioU' 'tumps .Xnahsc' 
show that the quality is good, there being only [> per cent, of a'h 
and S do of moisture. 

There are several small areas aLong the upper porticin i.if the 
Fraser River: the lignite is unimportant but (' 1 . M. Daw son Iia' given 
some notes respecting the rocks. The material cf the upper lied.' is 
[lale greenish and grayish white, very fine-grained and often a fire- 
clay : at times it is rich in diatoms. The rieds are nm.^tly la iriz. mtal 
but occasionally a local disturbance gives a dip pof 20 degrees. Im- 
pressions of roots and branches are common and two silicified stumps, 
evidently in place, were seen. The beds turn up around the stumps 
and. thin out toward them. The lignile. at the hijttiim r>i the section, 
is not in well-defined beds but is interstratifiecl throughout with days 
and appears to have been deposited as driftwood by somewhat rapidily 
flowing water : it is not pure enough to be of anv value. Small spots 
and drops of amber are abundant in some lavers. Little is known 
respecting the extent or importance of the other areas. The fieM 
geologists of Canada are in full accord with the palteuntolingists in 
the belief that these widely separated depo-its w ere laid diiwn in lakes 
or in estuaries. 

The Eocene coals of Alaska have been studied more cir Ic-s in 
detail during the last 40 years. Dali's-'^ examinatirms were mad.e 
in 1875, and the essential portions of his descriptions have been 

H. Dali. "Report on Coal and Lignite of .tlaska," Seventeenth 
.-\nn. Rep, U. S. Geol. Survey, Pt. I.. iSyO. pp. 7yi-po.8. 
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rejiublished in his report upon a reexamination of the region in 1895. 

J lis btndies were confined to the southern coast and the adjacent 
i.slands. Coal was di>covered long ago on Admiralty Island, which 
is east from Haronotf Hland, on which Sitka is situated. The first 
opening was made on Mitchell Bay and the coal was tested on the 
U.S.S. Saginaw, but the resin was so abundant as to render it 
unfit for use. The beds are very thin but, owing to the urgent 
need for fuel, they were studied carefully. The especial features 
are the woody structure and the abundance of resin. Kachemak Bay, 
near the mouth of Cook's Inlet, on the Kenai Peninsula, is 1,200 
miles west from Admiraltv l-!and. Turnhjelm, long ago, saw there 
a bed of coal, 9 to 1 1 feet th.ick. underlying clays, pebble rock and 
'ands, and resting on partly bituminous laminated clay shale. It 
was black, brilliant and contained grains of amber. From the asso- 
ciated rocks he obtained Uiiio. .-i iniiicola, Melania and elytra of a 
beetle, along with 44 species of plants, both conifers and dicotyle- 
tlons. The bed was no longer exposed when Dali visited the locality, 
but. at Coal Point, he saw a bed 7 feet thick. In 1895, thi^- bed had 
been opened at the Bradley mine, where it showed leaf-bearing 
partings and the best coal was at the bottom. Two other beds were 
examined on this bay. 4 feet 7 inches and 6 feet thick. These are 
complex. The coal differs in the several beds ; that at the Bradley 
mine is evidently a glance, not soiling die fingers and, on drying, 
breaking into cubical fragments, whereas that from the Eastland 
mine is fibrous, dull charcoal black. 

At Amalik Harbor. 150 miles farther west, some thin coal beds 
were seen, as also at Chignak, nearly 300 miles beyond. Amber 
has been obtained on the shore of Portage Bay southward from Chig- 
nak and from several, other places in that region, as well as from 
several of the Aleutian Islands. IMany thin beds of lignite were 
'Cen on Uuga Island. One of these is very complex : the upper 
portion has half a dozen benches of bright and dull coal, each 4 to 
5 inches thick, with thicker partings of carbonaceous shale. The 
bench is fairly clean and 18 inches thick. Analyses of coal from this 
bed gave 

On the basis of pure coal, the volatile is 49-55 ^nd 81.26 in the two 
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coals. Both are described as lignite but the Cisnip. isitii )n nf the 
lower bench, dull coal, suggests that it is cf Lebertorf i.'ngin. Uoal 
from a bed on Kachemak Bav is of the same type, as it has 71. t 
per cent, of volatile. 

Water. Vol.t: le i.vr.'u.t' ■ A--’ 

Upper pan. . 11.26 40.51 41 2-1 o > 

Lower part 10 5S t)0 2t T 


Eldridge,-"-' during examination of a di'trict in ca-tern 
discovered to to 15 depo^it^ of krw-gra'Ie lignite, 0 inche' tn " feet 

thick. The material resembles a mas> of c 'mpressed carbonizedi 1. 

Stumps, one to two feet in diameter, are Ctsmmon and -landi erect 
These, by their appearance and by their association with abundance 
of slivers and other carbonized material, suggest that the cecd bed.-, 
originated in swamp vegetation. (Occasionally, the ccal ^hel\\s no 
woody structure and resembles the higher grades of lignite, which 
shade oft into bituminous coal. 

Collier, not long afterwards, examined bed^ along the upper 
Yukon River, where the coal is either lignite or h.gmtic. little ihX- 
turbed and usually contains amber. He visited a locality in the 
province of Yukon, Canada. 20 miles from Dawson and 7 from the 
Klondike, where R. G. INR'Connell had seen a double bed with 5 to 0 
feet of coal, hard, without woody fiber and of practically the same 
composition in both benches. At 20 miles below Dawson, he ^aw 
3 beds mined, all with one or more partings and all showing 
abundance of resin. At Washington Creek. 80 mile? beliDw the inter- 
national boundary, he found a bed measuring clean coal, with thm 
partings, 5 feet 6 incite.?; dirty coal, 2 feet f> inches: sandstone, 2 
feet : shale, 2 inches ; coal. 2 feet. The dip is 45 degrees, Inu there is 
neither crushing nor faulting The coal is black. gli,s?e ami has 
conchoidal fracture, but it often shows woodv structure and it cs.n- 
tains streaks as well as grains of resin. The coal beds, ^cen bv Csd- 

G. FI, Elflritl.sc, ■■ Reconnai.s?ance of the .^u-.hitna and .Viljaexiu Ter- 
ritory, .Alaska.” Twentieth .-Vnn. Rep. U S Geitl. Survey, kkio, Pt \T[ 
pp. 21-23 
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at numerous localities farther down the Yukon, show the same 
general features as those already referred to. 

IMartin and Katz-^' found in the ^ilataniiska region beds of dark 
fissile shale with bands of ironstone. The coal beds, in some cases, 
are thick and commercially good, but in others they consist merely 
of thin alternating layers of coal and shale, so that, though the coal 
predominates, the thick mass is worthless. The upper half of the 
section, about i,ooo feet, is composed chiefly of dark shales with 
thin beds of sandstone and many thicker beds of carbonaceous shale, 
which are leaf-bearing and include petty lenses of coal. The authors 
saw several fossil logs and tree stumps in an exposure, where one 
of them is 20 feet long and vertical to the bedding. Petrified frag- 
ments of wood appear to be not rare. 

IIenshaw-“- has given a brief note respecting the great bed on 
Chicago Creek, in Seward Peninsula and almost directly under the 
Arctic circle. The dip is 18 to 36 degrees and the thickness is 88 
feet. The coal is frozen as in Spitzbergen and the modest mining 
operations are prosecuted during the short summer. The tunnel had 
been cleaned out only a short time before Henshaw's visit and he 
was able to make examination of the whole bed. It is an almost 
continuous mass of coal, broken only by a few layers of bony coal 
and sandy shale. Atwood-®^ notes that in the Cook Inlet area, the 
coal beds are many, varying from mere films to 20 feet. At a mine 
near Tyonek. the coal is a tough, woody lignite and contains large 
trunks of trees, which are only partly converted. The mode of their 
occurrence suggests to him that they may be logs drifted into a pond 
or swamp, or that they are a group of fallen forest trees. 

Tertiarv coals have been observed at many localities in Siberia, 
but available notes respecting them are few and the age of the coals 
seems to be somewhat uncertain. The summary description of 

--'j A. J. Collier. " The Coal Resources of the Yukon, Alaska,” U. S. Geol. 
Survey. Bull. 218, 1903. pp. 17, 19. 22-26, 30-39- 

G. C. Alartin and F. J. Katz, " Lower Matauuska Valley,” U. S, Geol. 
Survey, Bull. 500, 1912, pp. 44-48. 

= F. F. Henshaw, " iMiniug in the Fairhaveu Precinct,” U. S. Geol. 
Survey, Bull. 379. 1909. PP- ,362. 

W. W. Atwood. " Mineral Resources of Southwestern Alaska,” the 
same, p. 117. 
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Siberian re?i uirces"’" state' tliat south-snuthwcst iriini the lrt_\cii 
River a thin bed of lignite \\a' seen, which retain' the texture 

and contains grains of amber, fhgnite-bearing leriia-ie' tire ei 
notable extent in the Transbaikal reginii : the_\ are later in ingiii than 
the present topographv of the country: the niclc' ^lrl,\ leaf i:npres- 
sions and contain silicified stem' of ilicot_\ leiL ineni' tree' 1 h.e ignite 
beds are 2 to 4 meters thick but are len'-like. thinning aw at at the 
borders. 

Some Chemical Features of the 1 eetioey t oil s — 1 he literature 
dealing with the chemistry of Tertiary cMa’s i' ta'iumineU'. but 
comparatively little of it is serviceable for the present -tudit . .\n- 

alvses. for the most part, are of coal frcmi localittc' wliere tlie fite'. 
values had been proved long before the analyses were niaile: csiir.- 
paratively few are from depo.'its wi-ich are it a im.]) rtant eC'in-m- 
ically. In the L'nited States and Canad.a. the s;im])le' are jiri'iu' 
from the whole face of a bed, only such partings being rcinciveil as 
should be separated from the coal before ^'.lipmcnt, .Analyse' m' 
such samples afford no clue to the varxdng conditions during accumu- 
lation of a bed. It is well understood that a preeximate ana!_v-i? oi 
coal containing a high percentage of water yields at be.'t only ten- 
tative results, varying in any case with the temperature employed. 
Ultimate analyses are. from the geologist's standpoint, little better, 
since coals of wholly ditterent types may have practically the same 
ultimate composition, a^ was shown by Carnot. Coals are apparently 
mi.xtures of various hydrocarbons, re.'pecting which very little is 
known, as only a few of them are acted on by solvents. Em one 
must make use of the material within reach and much can be learned 
bv comparison of analyses made after the 'ame method: the r.fficial 
laboratories in the United .‘States aftc^rd abundant materia! 

In study ing the mature deposits of peat, known as Seine fe:kohle. 
V. Guinbel discovered a dopplerite-like material, wliich had 'aturaied 
the mass and had become in'oluble. A 'imilar sub'tance is in !nsi\vn 
coal. Glockner-'*’^ examined the b'ack lu'tn im coal, with cr.nclr ddal 
Le Comite Geologitiue de Ru."ie, " -\])ercu <les Exi>liiratinn' vloIo- 
giques et rainidres le lon.g du Tran.'sibirien,” St. Peterliourg, i9<io. pp 4J, 08, 
f*/. 123. 153 - 

snipr. Glockner, " L'ebcr Zitta\it, cin Linyeneti.'clie, di ippEnt-.ihnliCiies 
BraunkohleiiRc-'tein,” Zcitsch. d. d ijcnl Gcsell . ipii, pp, 41S, 419, 
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fracture, which he saw in the brown coal of Zittau in Saxony. 
Siegert and Hermance had thought it identical with Pechkohle or 
(jianzkohle, but GIdckner objects to both terms as not specific, 
bcause they have been employed loosely in description of both brown 
and stone coals. He regards dcpplerite as almost equally bad, be- 
cause there is no agreement respecting it, except as to the fact that 
it is formed in recent peat moors. He prefers a new name for this 
tertiary substance, which is distinguished from dopplerite by its 
brittlenC'S and its hardness. 2.5. .Analysis of this zittavite, dried at 
105^ C., yielded carbon, 61.89. hydrogen, 5.32. oxygen. 3043, nitro- 
gen, 0.21, ash, 1.95. Crm]iaring these results with those obtained by 
Demel, Kaufniann and Schrotter for dopplerite. one finds that 
Gldckner's material is miire advancetl than that studied by those 
chemists. They obtained for air-drietl. ash-free dopjderite 


Carbon Hvdrugcn. 0\> yen and Nitrogen. 


Demel 56-4.2 5 So 37-20 

Kaufmann . . . 55 94 500 3S SO 

Schrotter... 51-69 534 4303 


One can hardly reganl zittavite as a good mineral for, like dopplerite, 
it varies in composition and there would seem to be little reason 
for giving it a new name, except to distinguish the geological posi- 
tion. GIdckner recognizes similarity in origin, for zittavite is due 
to humic solutions formed during change of woody material into 
lignite and earthy brown coal, which circulate through the mass. 
He cannot believe that it results from action of calcium carbonate, 
because limv matter is but 0.47 per cent, of the whole. The charac- 
teristics sugge-t verv close relationship to the carbuliumin of v. 
Gumljel. D. AMiite ha^ exjiressed fre<juently the convictiisn that 
the crinver-'ion isf wood into jet-like lignite i- due to saturation by 
solnlile compoumls generated during decomposition of vegetable 
matter. 

AMth comparatively few e-Xce]jtions. students of the Tertiary 
coals have noted the presence in greater or less ([uantity of resins 
in stretiks, nc.'ts or isolated globules, especially in coals of lignitic 
and sub-bituminous types, even occasionally in those closely allied to 
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the bituminou? grade. The scanty notices of I’lincene coaI> comam 
few references tea resin--, the only Jelinite iMte being that by lluu ii 
respecting Xew Zealand, in which he state- thtit the c^a! often coin 
tains large lumps lT' retiniie. Thie---en feniiul much re-in in the 
iVliocene coal of IMonte Diablo of California; I’.r wn and Ihatouie 
note the ci''nsiiler;d)'e jiroportion of re-ins in the coal- of i ireen'.an>i 
and ^outhern rrussia. The ( digocene coal- of idermany aial I’.rir-h 
Columbia are rich in resin and. at time-, it is found in cavitie- withm 
fossil wood. Eocene coals throughout, when thev are lignite or ,-u!t- 
bitnminous, are notably resinous, material cif that t>pe Lccasior.ally 
composes a great part of the ma^s. The term retmite is emph\\e'l 
frecpiently as a group name, but the resins are m.an}'. -\mber i -r 
Bernstein, the best known popularly, ha? been reported from numer- 
ous places, widely separated. Dali states that it has been ■ btained 
at many points in Alaska; Dauliree observed it in the Bas-Rliin 
province and Potonie say- that it is abundant at Senftenberg. But 
this mineral occurs in commercial quantity chiefly on the Baltic cretst 
of Prussia, where, according to Karsten.-’- it i- procu.red by digging 
and by dredging. In the former process, the recent sands are 
removed and the underlying clay shales, known as " aniLier veins," 
are exposed, in which are nests of brown coal and amber, apparently 
much compressed. These overlie coarse greenish sand, under which 
the important deposit is reached. This, with the overlving sand, 
e.xtend? under the sea and is the scairce c.f the amber, wltich is 
thrown on shore by the waves or is obtained by dredging. 

Potonie-^" states that Bernstein occur? over the whole "f Xe^rth 
Germany, Poland. Russian Baltic provinces and Finland as well as 
in many other regions ; but it is most abundant in Samniland. near 
Kdnigsberg. There it occurs at three horizons. The original diepo-it 
is now below the sea. whence it is washed up by the wave? ; but 
these Eocene bed? were gashed by glaciers ami now the mineral i? 
found also in glacial drift. The Bcrn-tein fisrest grew on Creta- 
ceous debris. This fossil resin, originall} Iluid, is an exudation 

H. Kar-ten, "Ueber das Vurkommeii de.- t!ern-ti.ins an der preussische 
Ku.ite,” Karstoi’s Archii-cs, \'ol 2. 1S30, pp aSij, 2,(1. 

H. Potonie, "Der balti-che Bern-tcin?,” XaturAWichcnsch.. Rd. \T , 
i8yi, pp. 21-25. 
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from a conifer, which Conwentz has named Piuns siicchiifera. The 
resiniferons organs were mostly in the bark and twigs but were 
abundant even in the wood itself. The conditions in these old forests 
were \ ery similar to those observed in conifer forests of Bohemia : 
there could have been hardly any sound trees in the old Bernstein 
fnrests ; wind, weather, saprophytes and-other plant parasites, in- 
sects and other animals caused injury and led to flow of the resin. 
Beru'tein is complex, consisting of gedanite, soft, yellow, trans- 
parent and fusing at about i8o° C. ; glissite. brown, opaque ; stantie- 
nite, black, tender, brittle : bechanite, brown, tender, brittle ; suc- 
cinite, transparent, lustnous, yellow, brittle, fusing at 250-300° C. 

The resemblance of these resin^ to some of recent age is very 
great and the origin is similar. They are exudations from coniferous 
trees and are resistant to decomposing agents, so that the propor- 
tirm becomes greater as the process of decomposition advances in the 
vegetable material. Amber is associated, at times, with fragments 
of the trees whence it was derived, but in many places, as is the 
case with the recent kauri and copal, the woody materials have dis- 
appeared. leaving the resin free in the sands. 

Pyropissite is locally characteristic of Oligocene coals in much 
of the .^achsen area of southern Prussia, where it. as well as Schwel- 
kohle. a mixture of pyropissite and fuel coal, is distilled for the 
paraffins: it occurs also in the Miocene and Eocene of other regions. 
Karsten.-*^ in a brief communication to the German Geological So- 
ciety. described it as a peculiar earthy brown coal, which forms the 
roof of a bed near Weissenfels as well as of one near Helbra, be- 
tween i\Iansfeld and Eisleben. It passes gradually into the ordinary 
brown coal, has gravity of 0.9 and leaves 13.5 per cent, of ash. At 
from 100° to 125° C., it give' oflf a heavy white vapor and at red 
heat the product is an oily liquid. Stirred in an open vessel, the 
whole mass liquefies and becomes pitch-like; in burning it gives off a 
disagreeable odor. The composition, ash and water free, is carbon. 
68.Q2. hvtlrogen, 10.30. oxygen. 20.78, while that of the associated 
brown coal is carbon. 64.32, hydrogen, 5.63 [oxygen and nitrogen. 
3005]. The last two con.stituents are not given by Karsten. 

-“Karsten. Zcitsch. d. d. gccl Gcscll, Bd. IL, 1S50, p. 71. 
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Sch\ve!k(.)hle was fnrmerK ca^t as w iirtli’c'--, Inu it ha^ 

been iitiiizci! in the paraffin industry during 'atec year' as the 'npp'y 
of pvropissite i' practically exhan>ted. A- ^lllnvn h\ Kaeile" t.ie c a! 
is richest in pvropi'site on the borders oi .'cvertil pett_\ ha.'n!'. t'ne 
proportion ilccrea>ing‘ tnwaru the middle. In tl;e larger ha.'!!! ne.ir 
Zeitz in h'ach>en, the proportion of p_\ropi"ite beC' !ne' tiegligilile ;is 
one goe^ eastward, bin it increases again farther ew.'t. bet-iini the 
Central line of the ba'in. ih.e e>rig!n of the niaten;!! i' o.i'Cnre. 
I’oti nie, in de.'Cribing the Senftenberg C'cd, 'a_\ thtit n!.tn_\ of tlie 
stump', Ta.vodiiini dislicluiiii. are hollow ;ind tho'e ;it tile bottom con- 
tain Schwelkohle in the cavity. Hut the .'^cluve’kohle in hollow 
stumps is not confine. 1 to th.e bott.'.ni ..f the dep.asit tiioitgli it i- :i'. re 
abundant there. He thinks that this 'Ubstance was proiluceil h\ ilow 
of resin, which must have been great in the w.'unde.l trees; but ..ne 
has difficultv in conceiving hi.^w a stumi). which haii been deti.’ a.ng 
enough to become h.rll.t.w, could still retain en.'rc.gh vitaht} t ' i-.'ur 
out a great quantity of resm for healing .. f its wounds. \\ h.etlier ..r 
not it is a resin may be open tC' discussi.in, 'I'he micr.'.'Ci .p;c 'lu.ly 
of the Weissenfels pyropissite b_\ v. ( iumuel le.l to no .letinue re-'U.ts 
but in the Sauforst materitil he found a gretit .juantity of exinc' (jx 
pollen. The mode of its occurrence seeni' to sugge't tliat it is lan 
unrelated to the Lebertorfs in origin, r’.at.'.uie regar.l' it as re'in.ius 
and its occurrence as layers .ir smuts in what he recognizes a.s 
autochthonous coal is explained liy the suggesti.rn. that thC'C may 
mark dry places, where the exposed coal was removed by dcC'Ciijio- 
sition and the resin was left immingled with f.ireign matter. 

It appears wliollv jirobable that pyropissite was an original c.jii- 
stituent. not a product of chemical action during esnversi. .n .of th.e 
vegetable material. Kraemer and S[)ilker thought it fornio-.l li_\' green 
algre while AAdtt believed that it wa' derived from sporc' t lraefe. 
considering the contrast between pyrojhs'ite and the uin!. .ulite.l resin, 
retinite. cannot regard a resin a^ the .s.nmce of jiyropis'ite, and 
concludes that wax-like secretions nf plants were in chief p:irt the 
original material. Treated with benzol, pyrofii-site yieMed per 
cent, of ■■bitumen,’' while good Schwelk.jhle yiebled 27.3 jicr cent — 
the calculation in each ca'C l)Cing for the dr_\ sub-tance. Raetler 
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says that the poorer the coal is in benzol extract, the richer it is in 
re-'in. " llitumen " from pyropi'site contain^ no resin soluble in 
ether, but that from bitumen-poor coal may contain 25 per cent. 

Llrethick-^ ■ states that Schwelkohle. when dried, resembles an 
earth}' brown coal >oaked in a wax-bke bitumen. It is not homo- 
geneous ljut con'sist' of layers of richly bituminous lignite It fuses 
at 150^ to 200' C., thereby differing from fuel coal, which is in- 
fusible. He cites Riebeck on composition of pyropissite, which, ash- 
free, is carbon, 73.48, hydrogen. 11.70, oxygen. 14.80, while the 
associated fuel coal, according to llredlick’s analysis, has carbon. 
64.78, hyflrogen, 5.65, oxygen and nitrogen, 29.56. The several 
substances, when subjected to destructive distillation, yield 



•lar. 

j Water. 

Coke. 

Gas and Lijs». 

Pyropissite . . . . . ! 

64.2 


16.3 

II. 8 

Distillation coal 

33 0 

' 23.0 

35 0 

9 0 

Fuel coal. . 

5-0 

[ 63.5 

25 0 

6.5 

Gas begins to pass 

off from 

pyropissite 

at 120° C. 

to 150° C. 


and the maximum temperature reached in the process is 640° C. The 
tar is of butterlike consistence when cooled, has gravity of 0.85 to 
0.91, consists chiefly of paraffins and olefins, there being only traces 
of benzol and its homologties. This tar is fractioned and yields a 
paraffin free oil and paraffin wax, with a residuum. The last, about 
one third of the whole, i? placed in another retort and heated to 
be} ond the " cracking point." The ga> from Schwelkohle is in- 
ferior : according to Graefe, its composition is: Carbon dioxide. 10.9; 
heavy hydrocarbons, i.i : oxvgen, 6.3; carbon monoxide, 8.5; 
hydrogen. 22.6; carburetted hydrogen, 6.4; ethane, 2.0: nitrogen, 
42.2. The candle-power is from 8 to 12. 

The Blatterkohle or Dysodil. which is a Tertiary Lebertorf, has 
been found in Sicily. France. Bohemia and other countries, but the 
most important deposits are near the Rhine in the Siebengebirge. 
The composition of material from Westerburg. according to Cassel- 
mann,-*'" is: Carbon, 62.80: hydrogen, 6.70: oxygen and nitrogen, 

-'•’W. Bredlick in "Fuels Used in Texas," Bui!. Univ. Texas, 307. 1913, 
pp. 169-178. 

Cited by C. F. Ziiicken, p. 180. 
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It). 43 ; a^h, ii.oo. This Cdal, which is utilized, like Schwelkohle. fitr 
production of oils anti paraftin, vieMs. acciinliny; tn II. h\' 

distillation: A\'ater, 24214; tar. 20.014: Cfaly re^aluL. 40321!. yuo. 
i). 446. The Tdatterkohle of Kfti mcIiI' 15 i. > 20 ; cr cen:. ' • la;- ' ai 
the large scale. Thi=. tar, when fractimwil. give-’ 1 "r -u 'gi. n. M': 
solarol, 24: paraffin. 20; hard paraffin, 4, fni'u ini'! p lUr.iX ' f i:ir. 

Cannel-like coal has been reported fr^ :n \\ a'lungton, .Mi'k.i anil 
Arkansas That from Lewis ciiunty of \\ a'lungton i' ev.'a ■■.■e!\’ 
high in volatde, hut uis analysis is available .\nalyst.' of i.\'' Ct .iX 
from Alaska show 71.3 and 81.26 of volatile. The T.c'ter ctcd ■ f 
Arkansas has 68. o 5 per cent., in the pure Ct'-al. ami the he-t ou.-ility 
is said to yield 38 gallons of oil per ton. Lenses of cannel-like coa! 
occur at Hoyt in Texas, but no anahsis has been ir.a'le " < hi -’'ale " 
of high grade has been found in Xew Zealand, 

Analyses of brown coal, both proximate anil ultimate, seem t!‘i be 
abundant enough for all purposes. Thi’i'C from Europiean L'lcali- 
ties are almost all from mines which have been li:>ng in operati'sn and 
which yield coal proved to be marketalile. In much I'lf the areas 
within the United States, the coal has been mineil in a small way 
to supply the owner's needs or those of a very small ])>''pulaf.on ; 
samples have been taken from these as well as from nvnes of great 
capacity, so that the reports from Government laborator-.es tell much 
respecting the variations in character. In almiitst every instance, the 
samples are prisms from the whole face of the bed. so that there is 
little information as to varying conditions during accumulation of 
the beds. 

Comparatively few analyses of Pliocene coals have been reporteil. 
Hutton has given four for the Cltago, Xew Zealand, basins and 
Hantken has given six for those of Hungary: reduced to pure coal 
basis, these are 


I. II. III. IV V VI. VII. VIII IX X. 


Volatile 51.6 71. i 56.3 53.3 20.1 222 23.7 2s o 274 460 

Fixed carbon. . .. 483 28.8 436 466 799 777 762 740 720 53.9 


Hutton’s specimens were air-dried and contained from ti to i6 per 
Cited by Heusler, p. 133. 
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cent, of water. The ash from 2.80 to 29.58. The samples were 
evidently selected specimens and Hutton seems to think that the 
selection was not always judicious. The water in Hantken’s samples 
varies from 17.57 to 27.2 and the ash is low. barely 5 per cent., ex- 
cept in Xo. IX.. where it is almost 20 per cent, of the dried material. 
Xo relation appears here between the Cjuantity of ash and that of 
volatile matter. 

\'on Ammon- published several ultimate analyses from mines in 
Bavaria ; 



I 

II. 

III. 

IV 

V 

Carbon, 

6S.64 

69 42 

62.76 

69.70 

6s 90 

Hydrogen . . . 

6.56 

038 

491 

5-70 

5-32 

Oxygen 

24-70 

24.20 

3 ^ 29 

44.90 

2S 6S 


Xo. I. is a briquette with 10 per cent, of water and 13.21 of ash; 
X'o. II. is a fresh specimen from the Oettingen locality and contains 
63 per cent, of water: Xo. 3 is lignit. bituminous wood, from 
Schwarzenfeld and Xo. I\'. from the same place is woody: these 
have 41 and 36 per cent, of water but the ash is only 2.28: X’o. A', 
is a strongly dried brown coal, which has 24 per cent, of water and 
9 of ash. 

The numlier of analyses is small but they represent the best coals 
in the petty areas whence the samples were taken. Compared with 
peats, the proximate analyses show notable decrease in volatile, so 
great indeed in the Hungarian coals as to suggest the possibility of 
some metamorphic action. The ultimate analyses from Bavaria show 
an advance beyond mature peat in the carbon but it is not constant, 
for X’o. III. is poorer in carbon and richer in oxygen than some 
peats. 

Mioceiu' Coals . — Arnold has published two analyses from the 
IMonte Diablo field in California, one representing a 5-feet cut at 
the top and the other, the lower part of the bed : Pardee has given 
two of the coal in southwestern Montana. These, made by the 
Bureau of IMines, show : 

F. 3V Hutton. " Geology of Otago.” p. 97; M. Hantken, op. cit., p. 341. 

-^3 L. V. Ammon, op. cit.. pp. 18. 27. 
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Iixcl 

''•ill hui. 

L 

it. 

i ) 

\ 

\\ 1 



L’^rlon. 







I 

54 ^7 

45 43 

5 ^>4 






II 

5i 7^i 

4^. 2_* 

4 


r, r,' 

12 

I : 2 

7 

III 

5-’ 

47 !■> 

I 53 

7" 4- 

A 

21 

1 ■: ^ 


I\- 

JU 

41) St> 

2 15 

72 2 U 

f. 7 ^ 

1 7 > 

M 

' . , 


The di]'' ill the iMiintc Diah'iO area reach 70 lieeree-: ti’e u./ll:' in 
the ccial is ai\\ay> low, s. 'inetiitie' tii'l ir.e.re t'nan y ;ier cent.: ti'.e .i'': 
is frc'iii 4 te> 18 per cent.; ’iiiti ever\ \vhe"e the C'lal 'ee'.ii' t > i'c \e’'_\ 
far front the hitnminou.' grad.e. In nuliea'tern iNFaraina. tiie .I'i; 
varies from 15 to 25 per ce-nt. 

The air-dried saniiiles "f ' ireetiitind C'CiI. anali'zed h\ .Me". 
already citeel, resemble a tfU'il bituniitien^ ceal. lur, the C'm! i~ a 
typical brciwii coal in all physical feature'. Mieceiie ccia’- irein 
Trinidad were analyzed by I’ei'cy. who obtaineF; 



C. 

H 

" .r : X 

W.G.-.' 

Ash 

I 

72. 9$ 

4 7 .S 

22 95 

ID 5 o 

3 90 

II , 

72 ’0 

5 -io 

22 4'J 

17 "-^5 

2.40 

III. 

So II 

5 51 

14 35 

20 50 

2 10 

IV. 

77-16 

5 -i 3 

10 59 




In every case, the 

fpecinien 

for analisi^ 

\\a= taken 



outcrop : all are attacked energetically by cau'tic potash Experi- 
ments in the Survey laboratory showed that Xo. I\' cakes. Resins 
appear to be wanting.-'” 

A. S. iMcCreath’s analv'Cs of coal from the iMiocene of .Vdvent 
Bay. Spitzbergen, gave for different parts of the bed 



Water. 

Vo’.ati'e. 

Fixed CarB-.n, 

'•iilphur 

As ’ 

Upper part . . 

3-310 

IQ. 7 Q 0 

62.763 

0 4D7 

13 '"' 7 ' 

Lower part 

4 696 

2S.560 

57.171 

" 41 ^ 

{J Tfi, 


X. Dubois determined the ultimate composition nf slack ccal f-mm 
the lower part of the bed. thus : Water, 4.14 ; carlion, hy 88 : h\ dri 'gen, 
4.05; oxygen and nitrogen, iT.Oo; asli. 12.03, or aliout 83 per cent, 
of carbon and 14 of o.xygen in the pure coal. The notable features 
G. P. Wall and J. G. Sawkins. "Trinidaci.” etc. pij. 123, 126 
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are the low water throughout and the great difference in volatile of 
the two parts of the bed, more than 9 per cent, in the pure coal. 
This coal is very similar in appearance to many Carboniferous coals 
but it is attacked by caustic potash to an unusual degree.-^’ 

\'on Ammon-"- reports analyses from the small IMiocene area in 
Bavaria, which e.xhibit much variability in composition. 


C. H. O and X. 


I 49 01 .,.15 ; 45-S2 

II 70.93 4-^5 , 24.81 

III 6043 4-47 ^ 35-08 


The ash varies from 3 to 28 per cent, and the sulphur from 0.40 to 
8 per cent. The first and third are very similar to peat in compo- 
sition ; the second is a Pechkohle from Schwarzen Moor. 

The Grottauer coal of Bohemia contains, according to Katzer, 
50 per cent, of water when freshly mined; dried at iio'^ C., it has 
carbon. 53.22, hydrogen, 5.56, o.xygen and nitrogen, 37.95. ash, 3.97. 
The sulphur, as pyrite and in organic combination, sometimes reaches 
3.84 per cent. 

The Hungarian coals show considerable variation in composition. 
Xendtvich-"^ gives analyses from two beds thus: 



Water j 

Volatile. 

c. 

H. 

0 and X. 

Rudolphilager 

1S.68 

17.00 

49-11 

44-02 

70.849 

72.IS5 

4 713 
5-185 

24-445 

22.630 

Joiephilager 

...... 17.82 

17.10 

67 00 
54.00 

72.490 
71 360 

5-175 

5 095 

22.235 

23 545 


These are from near Oedenburg; having been made according to 
the same method, they are comparable. They make clear that for 
comparisons one needs both ultimate and proximate analyses. The 
second from Rudolphi and the first from Joseph! have almost the 
.warne ultimate composition, yet the latter yields about 23 per cent, 
more volatile than the former, showing that it has very different 
constituents. The analy.ses for each are from different portions of 

~ In ^liindls X. 1 , -lead. Sci.. \ ol. X\ I.. 1905. pp. So. 87. 

L. V. .\mmon, op cit . pp 64. 64 

C, M. X'endtvich, " Unganis Stcinkohlen,” etc,, pp. 40-44- 
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the bed. The ash varies from about 2 to 5 per cent. Hantheir""* 
gives three analyses, which are equally illustrative: one is of ci^al 
from Edcleny and the other two from near Hrennhcrg. 



L 

H 

' ’ 

I . 

53 ^5 

4 21 

-P G 

II. 

71 02 

4 ‘Ut 

25 5. 

Ill 

71 yo 

5 14 

2 2 


These are all used as fuel: at Kdeleny. the a'h variv' fre>ni 15 to -M 
per cent, and the water from 21 to 01 per cent., so that the fn.el is 
of decidedly poor quality: but at Brennberg. the water dcc' not 
exceed 18 per cent, and the highest ash is 345. Th.ese M-.ocene 
deposits are confined to very small areas. 

Ollgocenc Coals . — These are of great iniitortance in Tru-sia and 
in Hungary. Hantken-"^ has given proximate analyses of coah from 
the Zsi! valley and from two part- of one mine near Gran . 


Water. F-xedCir^n Ast e 


1 4 S3 5S 5*^ ^'55 S'*' ^*7 

n 14-09 59.53 3 55 53 

III 12 727 3S035 S217 409:21 


Ultimate analyses from two localities in the Gran area, including 
the mine already referred to. have been given by Hantken and four 
others were published by Xendtvich: 



C. 

H 

1 ' and X 

.n Pure L' 

I. Szt. Ivan . 

64.92 

4 94 

30.10 


II. Gran 

69.30 

4 So 

27.00 

27 45 

III. Gran . . . 

6S.58 

4.67 

75 

31 82 

IV. Tokodt 

67.495 

4-70 

27 ^0 

31 30 

V. Sarisap . . 

67.85 

4.S3 

27 22 

77 

VI. Csolnok 

71 55 

5.19 

- > 25 

47 44 

\II. Zsemli 

71 So 

4 70 

23 31 

4G -15 


The two coals from different parts of the mine at Gran have practi- 
cally the same ultimate composition, yet in the pure coal there is a 
difference of 23 per cent, in the volatile. The contrasts are not 
-'■* ^I. Hantken. op. cit . pp. 315-345. 

-■o Hantken, pp 247, 259, 260, 262, 280, 286, 289; C. M. Xendtvich, p 32. 
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SO great in the coals analyzed by Xendtvich, but there is a differ- 
ence of 7 per cent, in the volatile of two coals with essentially' the 
same ultimate composition. The water in these Hungarian coals is 
from 4.83 to 17 per cent, and the ash from 4.23 to ii per cent. 

The coals of Brandenburg, in the region studied by Plettner, 
show notable variation, according to analyses reported by Zincken; 



C. 1 

H. 

0 and X. 

Perleberg, Erdkohle 

66.32 

5.20 

2S.4S 

Frankfurt a. O., Knorpel 

65.60 

5 36 

29.04 

Xeudorf, Formkohle 

60.00 

6.56 

33-44 

Furstemvalde, Formkohle 

70-64 

5.22 

24-14 

Knorpelkohle 

6S.37 

S -47 

26.16 


A great part of the Sachsen coal is Formkohle, which according to 
analyses by Karsten and Dredlick. cited on an earlier page, contains 
from 62.74 to 64.32 of carbon and the oxygen varies little from 30 
per cent. The analyses of the Brandenburg coals seem to indicate 
that the composition and the physical structure of the coal are not 
related. Formkohle being highest and lowest in carbon as well as 
in oxygen. These Oligocene coals differ not much from mature peat 
in their composition.-''*^ 

Katzer analyzed two samples from an opening in the Lauser 
bench of the bed near Banjaluka in Bosnia, which show no great 
variation ; 


C. H. C) .ind X . 


I 74..SI 5-08 I 40.41 

II .. 7I-S3 4^6 * 4 3.11 


The water is from 21.82 to 29.05 and the ash, 7.40 to 8.45; sulphur 
is high, from 6 to 7 per cent. 

The Oligocene coals of British Columbia are. in many cases, bitu- 
minous : the region being more or less affected by eruptive rock. It 
is not certain that the analyses reported give any clear conception 
respecting the general character of the coal, as the samples analyzed 
were selected from the outcrops. 


C. Zincken. pp. 28 , 29. 
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Eocoic Coo's. — The anal_\?e~ of Soiuhlan.i Cl aX in Xew Zeriiaiid. 
reported by Hutton, are all jiroxiniate ; the\ Cnow ihe V'i'.atile \ary- 
ing from 30 to <13.74 in the pure coal, while tlie water i- from iibout 
15 to 17 and the ash from 2.80 to 1243 per cent I'lie 'amp’ie' 
appear to have been selected andi not to he rejire-ei- uitive of pne 
whole bed. Xo relation aiipear> here between trie proportion of a'h 
and that of volatile, /dneken has given an a!t;dy-o of ir.e Mn”l;~h 
Bovey Tracey coal, apparenti} bv himself, ami 1 Ema" ' I’.a' pn.b.i-he'l 
an analysis b}- \'aux. Ash and sulphur free, these are 


H. o . I i X 

I 95 59.; r.t 1 1 

II . . 69 5- 5 -4 5^' 



The Eocene coals of Texa' iirc niined extensively at iiiany locali- 
ties and Phillips and Worrell-'" have made uuiuerLiu-. anah-e-. tl’.e 
samples having been collected in all cases in accord.ance with the 
official method. The composition of these coaK varies greatly, even 
in a single bed within a limited area. The conditions are clear from 
comparisons of the samples taken from several mine.- near Rockdale 
in IMilam county. All are reduced tci pure coal ba^is except fur 
water and ash, which are for the coal as received ; 



Water. 

Ash. 

Volatile. 

F.'.Cvl 

Car '.-ri 

C. 

H. 

t.i ail 1 N 

I53S .. 

32 79 

10.70 

61. S 

3S r 

69.71 

5 54 

24 7 -i 

1539 - • • 

34 72 

11.76 

60. S 

39 I 

73 ^3 

5 - 4 ^ 

20.0x7 

1540 

32.27 

12.05 

74-3 

25-5 

67.3^1 

4 99 

21 04 

1541 . 

33 63 

IS. 27 

86.2 

13-7 

72.S4 

5-07 

22 '4 X 

154c . 

31.54 

9-45 

71-7 

2S 2 

67 33 

5-50 

27 II 

1543 

29.07 

26 47 

54-2 

45 7 

77.11 

5-46 

17 41 


The samples are all from the -ante bed and are in close proximit}' ; 
it is clear that no relation exists between a^h and volatile m.atter. 
It is equally clear that the conditions were iT't the same througliout 
the basin during accumulation of the peat. Thi- appears from the 

C. Ziiicken. p. oS : T. D. Dana. “ Mainial of rEoliv.5y." 181)5, j, 66c 
-w B. Phillips and S H. Worrell. "The Fuels L'sed in Texas." pp 
85-89. gi. 92, 98. 100 
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variation in percentage of the ash; but it is more apparent when 
one considers the composition of the ash in the several samples : 



Silica 

Alumtn.i 

Ferric Ox. 

Calc. ( )x. 

Matrne-i, 0 -\. 

T'ulphuric 9 

I53S. .. 

21.64 

16.20 

II. 10 

25--3 

4-36 

iS.oi 

1539. - 

33.06 

16.77 

8.47 

23.00 

1.28 

17.10 

1540 . . 

27.44 

28.87 

24.85 

7.00 

0 00 

10.45 

1541 .. 

23.:;o 

11.94 

5.0S 

38 17 

1. 00 

7-79 

154-’. . 

42.20 

23.02 

2.02 

15 93 

2.12 

12.81 

1543- 

47.04 

23.1S 

18 32 

6.64 

0 00 

4.58 


In these coals one has another illustration of indefiniteness of 
analyses as indications of the actual composition of coal. Xos. 1539 
and 1541 have almost the same ultimate composition, yet there is a 
difference of more than 25 per cent, in the volatile. 

Analyses of coals in the Wyoming-lMontana-Xorth Dakota region 
are numerous. Taft and W’egeniann cut samples in the Sheridan and 
Barber fields. Ten beds were sampled in a vertical section of about 
1.900 feet. The variations in composition are less than those found 
within a single bed in the Rockdale area of Texas. The volatile in 
the lowest bed is 46.30 and that in the highest is 47.67 : but in one 
midway in the section it is 44.69. and in the one next above it i.s 53.20, 
while in the next to the highest it is only 43.97. The carbon varies 
from 74.37 in the lowest bed to 70.97 in the highest, but in a bed 
almost midway in the section it is 71.96. The oxygen is 20.42 in the 
lowest bed and 22.95 in the highest, hut is lowest in an intervening 
bed. The coal throughout this region appears to be remarkably free 
from inorganic matter, as the ash varies from 4.10 to 9.95 cent, 
of tile dry coal and it is usually less than 7 per cent."''® 

Somewhat farther north, in the Red Lodge field of eastern INIon- 
tana. samples were cut by Woodruff and were analyzed at the same 
laboratorv. Eight analyses were made of six beds exposed in a sec- 
tion of approximately 475 feet. The volatile is from 37.35 in the 
lowest bed to 45.85 in the highest; but in another analysis, the lowest 
bed shows 43.35 and the fifth bed. ascending, has but 42.66. The 
carbon is 72.66 in the lowest and 74.41 in the fifth bed. while in the 

= U. S. Bureau of Mines, Bull. 22, 1913, pp. 307-309. 
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same beds the oxygen is 20.77 16.94 in the two ana!_\ ses of the 

bottom bed while it is but 17. S5 in the fifth. The a^h i' fr>'ni 002 
to 13.31 per cent, of the freshly mined coal, which ci aiia'.ii' S 00 t,-. 
11.69 of water. iMiich of the coal, according to thc-e anai\>c', 
would be regarded as inferior. In thi< held, in the .Sheriham. 
there is no relation between a.'ii and volatile and c- iinpari-. n of 
analyses shows that position in the section is not ver\ important. 
Proximate analyses from the IMiles City tiebi in Mmitaiitt tell tlie 
same story, for the vclatde varies from 42.49 to gc; do in 'Sitniil c-eil 
from the lowest bed. while a single analvsis of crop coal frecit a lo'!. 
800 feet higher, shows 48.0*). Water in the lowc^t 1)0'! is from 20 js 
to 43.70, wTile that of the highest is 35.51.-''" 

Analyses were made of 7 samples cut in the .^nv-ler mine ne,ir 
Glendive on the eastern border of IMontana. 



Water 

Ash 

Volat e 

Fixed 

C^r .on. 

C. 

H 

1 ) .tr : X 

2423 

39 94 

5 61 

45-40 

5460 




3812 

34 55 ' 

7 20 

60.67 

30 33 

72.79 

4 74 

20 

3SI3 

33 65 

6 90 

49.84 

50 16 

67.87 

3 97 

20 >0 

3SI6 

34 89 

S.07 

76.23 

23-77 

73.04 

4 43 

20 20 

3817 

31.26 

6.80 

6S.49 

31.31 

70.92 

4 07 


3819 

33.06 1 

8.33 

51-70 

4S.30 




3S20 

33 06 

6 26 

65.62 

34 - 3 S 





Ultimate analysis was made of only four samples. In all cases, sam- 
pled by the official method, the coal is sealed in waterproof cans 
at once, so that it reaches the laboratory in fresh condition. 

The ash varies in this small mine from 8.62 to 12.44 per cent, 
of the dried material; no relation exists between it and the volatile; 
3816 and 3819 have practically the same ash. 12.39 and 12.44, but 
there is almost 25 per cent, difference in the volatile. 3815 and 
3816 have almost the same ultimate composition, but their volatile 
differs by almost 16 per cent. 

The Leonard and Smith samples are from eastern Xorth Dakota, 
and their bed C is taken to be about 300 feet above the Glendive bed ; 
bed G is somewhat more than 250 feet above C. 

21’, (I jpg same. Bull. 22, pp. 124-126. 
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Water. 

Ash. 

Volatile 1 

i Fixed Carbon. 

242S c 

38.45 : 

5-69 

50.16 

49.84 

5779 E .... 

34-50 

7-51 

51.05 

4S.95 

57 ^- 

35-72 

8.86 

57*53 

42 47 

57S2 F . .. 

35-40 ; 

5-64 

64.86 

35.14 

57S4 F . . . . 

43-51 

6.39 

50.37 

49.63 

2427 c 

29.78 : 

6.56 

50.74 

49-26 


Xo ultimate analyses of these samples were made, but the proximate 
analyses suffice to show the great variability in conditions under 
which the ccals accumulated; there is notable difference in ash; in 
the two analyses of coal bed F one finds a difference of more than 
14 per cent, of volatile. 

The coals of the state of Washington have great economic im- 
portance and a great mass of analyses is available. In that state 
one finds all grades of coal from peat-like material to graphitic 
anthracite within the Eocene column; at many localities the coals 
yield coke of excellent quality. One may select only a few of the 
analyses as illustrating the variations. In King county the water is 
low. rarely exceeding 12. usually below 9 and in a great number 
of cases is below 6 per cent, in the freshly mined coal. The ash is 
high, not often ’below 12 and very frequently above 20 per cent, in 
the dry coal. The first five analyses, which follow, are from the 
several beds near Issaquah and are of subbituminous coal ; the sixth 
is bituminous and the seventh is of coking coal from Bayne. 
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tion differing very slightly from that of the coal at Bayne. In Pierce 
county, coking coals are mined at many places with 3 to 5 per cent, 
of water in the fresh coal; the ash is rather high in some of them, 
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reaching even to iL jier cent, of the ilrieJ coal; nut a few of thc'C 
coals have 84 to 87 per cent, of carbon, [bit not all cii the licL yield 
caking coal, even where its composition is closely similar te> tliai of 
the others. 

The coals of Lewi- county sliow e.xtreinc^ of variation, f, r tlicre 
one finds anthracite with 0.8 of volatile tind. 04.-’ per cent, or n.xedi 
carbon in the pure coal, whereas at iMendota tlie Cixu i' Iignue witii 
ao per cent, of water and 73 per cent, of carhop,. At l.aFid th.e coals 
are bituminous and that from Xo. 2 is coking. It Ini' 4.1 oi water 
and 84.62 of carbon. It yields 34.2 per cent, of \oIati!e f"oir. the 
pure coal. The other beds mined on this propert}' have oi'.'\ o to 8 
per cent, of water but the volatile is mucli higher. 43 to 48 per cent., 
and they are not caking. The ash throughout is high. iS to 20 p'er 
cent, of the dry coal.-"^ 

Igneous rocks are reported as cutting the coal hearing rocks at 
a few localities in King and Tierce Cisunties. but for tlie ino't part 
the variation in the coals is regional and apparent!}' is ui due to 
local causes. 

The Alaskan coals show all types from lignite to anthracite. The 
anthracite coals are in the Bering River region where the carbon 
content at times reaches 90 per cent.: but in the same region are 
bituminous and senii-bituminous coals. The lignitic type, however, 
prevails in the greater part of the territory. 
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At Coal Harbor. Unga of Dali's descriptions, in western .-Ma'ka, 
the analyses give for the coal^ ash and water free: Carbon. (>8.76; 
hydrogen, 5.30; oxygen and nitrogen. 24.8'): volatile. 50.20. 

E, E. Smith, U. S. Geol. Survey, Bull 474, 1911, pp, 42, 43, 4S, 51, 64, 
65, 66, 67. 



STEVEXSOX— LXTERRELATIOXS OF THE FOSSIL FUELS. 189 


On the borders of Kachemak Bay, farther east, ten samples were 
collected which have the composition shown in the preceding table, 
calctikited after the same method: 

X’timlier \’II. gives the comijosition of pebbles of lignite forming 
part of a conglomerate at the bottom of the Kenai (Eocene) in this 
district. 

Xine samples were cut from the bed on Chicago Creek in the 
Seward I'eninsula, which is 88 feet thick. In each case the sample 
represents a i2-feet cut. The results of analysis are: 
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In the Kachemak area the moisture in freshly mined coal varies 
from 17.44 to 28 per cent, and the ash is from 10.50 to 20.34 per 
cent, of the coal, dried at 105° C. But in one sample it is only 7.81. 
In the Chicago Creek bed the moisture is from 32 to 42 per cent, of 
the fresh coal and the ash is from 5.77 to 6.49 in dried coal from the 
upper half of the bed. as represented in analyses I. to I\ .. but in the 
remaining analyses it increases, becoming 9. ii. 31. 21 and 26 per 
cent., fractions being omitted. 

The Kachemak analyses show that the carbon content varies 
from 64.60 to ('<1.59, but the volatile is from 50. 86 to 64.44. Coals 
with almost exactly the same ultimate composition differ about 5 per 
cent, in the volatile. The Seward analyses prove great uniformity in 
composition of pure coal throughout the immense bed. the variation 
in carbon being only from 08 to 71. except in one cut, midway, where 
the maximum of 74 per cent, is reached. The volatile is greatest 
in the lowest third, where the ash is greatest: but there is no rela- 
tion between the ash and the volatile; for in IX. the ash is 26.15 per 
cent, of the dry coal and the volatile is 46.51. while in \TI. the ash 
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is 31.70 and the volatile is 46.73; in II. the ash i.' 577 and the 
volatile is 45. S9. 

Siiiiuiiary . — It is now in place to gather the fact' ]irc'ented aiiil, 
if po.''il)le. to ascertain how far they may he related to the prohleni 
in hand. 

The testinionc' throiighoiit shows that Tertiary cci! hed.' are iii - 
tably limited in extent, their area varying from a feW'iir.are rml' to 
several hundreds of square miles — in some ca'C' aji[iarentl}' even to 
2.000 square miles; the extent being limited by t'ae top. grap'.iv a' 
the deposits appear, for the most part, to have accumultueil in 'hallow 
ponds or in well-defined valleys. The lens-like form ha' beeit eTjilai- 
sized by almost all observers in every portion of the Tertiarw I n- 
fortunately the details recorded for most localities are insufficient t' > 
justify an attempt at w'orking out the history of any bed, known to 
exist within a large space. Detailed study is impossible at pre'cnt in 
the United States and Canada, where alone the great beds are knc.wn, 
because those occur in regions with sparse population, where, fijr h mg 
distances, one m.ust depend on imperfect natural outcrops or cm the 
less definite lines of clinkered rock, caused by spontaneous cont- 
bustion of the coal. The perplexity is increased by variations in 
thickness and composition of the intervening recks, as well as by 
similar variations in the coal beds themselves, which make correla- 
tion extremely difficult. Several American observers decline to 
regard the coal deposits as continuous in large areas and prefer to 
describe " coal horizons." All agree as to the lens-like character of 
very many beds ; even those who are unwilling to accept this for the 
great beds, frankly present the frequent changes into shale and the 
local disappearances of the coal as serious prriblems. Some c>b- 
servers have shown that the lenses often overlap, that a coal thins 
out and may be replaced by another at a few feet higher or lower. 
This feature, so characteristic of American localities, w as recognized 
by Credner and by Raefler in the coals of Prn''ian Saxonv. 

The rocks intervening between beds of Tertiary coal may be 
conglomerate, gravel, sandstone, sand, shale, clav. limestone or 
alternations of such deposits. Ordinarily, these are of freshwater 
origin, but, not infrequently, one finds layers with brackish-water 
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fossils and occasionally a bed with typical marine forms. At most 
localities the bedding is irregular and the rocks seem, in many cases, 
tii) be composed of dove-tailing lenses; lenses of fine clay occur 
freijuently. Sandstones and sands are cross-bedded in great areas; 
ripple-markings and mud-cracks have been reported from many 
places. Conditions in the western United States appear to indicate 
that these dejio.'its were made on plains, where the sands drifted 
and where the water was collected in shallow pond-like areas. The 
gravek in many cases indicate filled channel-ways. 

These intervening rocks frequently contain drifted materials. 
Leaves and stems of upland vegetation are found in the sands of 
Siberia: Collier saw cones of Picca. bones of mammals, land and 
freshwater shells in beds overlying Pliocene lignite on the Yukon; 
Grand'Enry observed wood, roots and spots of lignite at Budweis; 
Colenso in Y'ales described a deposit very like that of Alaska; the 
sections in western North America usually contain reference to these 
drifted plant remains. But not all the plant remains were trans- 
ported : at many places they mark old soils of vegetation, surfaces 
where plants grew, but not long enough for accumulation of coal. 
There are many references to these in preceding pages and only one 
need be added. Darwin,-'^- in a publication later than his " Re- 
searches," gave a detailed description of the petrified forest seen on 
the Uspallata range of Chili. The 3tuiup.<. exposed in a small area, 
were in green and brown sandstone, which had been removed by ero- 
sion so as to show the erect stems in place. Fifty-two stumps were 
examined, projecting 3 to 5 feet — in one case 7 feet — from the sur- 
face. Y’hether or not they were rooted, he could not determine, as 
the lower part in every case was still buried in the rock. The dip 
was 25 degrees and the stems were vertical to the bedding. It was 
suggested to him that the trees might have been transported, but 
that explanation seemed insufficient ; it might suffice for a single 
stump but not for a clump of 32 trees, which belonged to an inland 
coniferous flora, not to a coast vegetation. The conditions convinced 
him that erosion had laid bare only a small part of the forest. 

Occasionally, lake marls, interrupted by beds of brown coal, 

C. Darwin. “ Geological Observations in South America.” London, 
1846. pp. 202. 
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accumulated in great thickness, a^ in southern France. It is eviilcnt 
that some were m.ade close to e^tuaries. for several olwervers liavc 
recorded that thick dei)Osits. crowded with* freshwater fi>S'i!--, are 
interrupted bv layers containing iorm~ which, are unpue~ti. niahly 
marine. The inteiwais between Tertiary cna! bed- \ar\ -.o greatly 
and so abrupti}' in thickness that, wliere nainrtd e-vpii-nrc' are the 
only dependence, correlation of beds in an_\ area i- ditticnh. L>ften 
impossible. 

Tlte roof of a Tertiary coal bedi may be compi''ed of an_\ kindi cif 
rock, transported or formed in situ. There are abumlant illustra- 
tions of transition frcaii tlte underlying coal to the rciof r'Sck, frrun 
accumulation of coal to final destruction of plant life i at the bog 
surface, alternating laniinte of vegetable and mineral ’iiaterial testi- 
fying to the struggle between silt overflows and the dwindling b.jg. 
This fanx-toit is a characteristic feature ; at times it is nierch' a 
carbonaceous shale; at others it is a very impure coal, \T-ry ('ifien 
the immediate roof is distinctly transpcoted material with leaves, 
twigs and broken bits of wood, even fragmentary trunks of trees. 
It may be marine shale, rich in fossils, or it may be a marine lime- 
stone, as at Haring, containing bits of water-loving plants, such as 
Sali.x', Erica and palms. Or it may be sand envelciping erect trunks 
of trees, which grew on the dried surface of the bog, a' at Seiiften- 
berg or near Friesdorf in the Cologne area, Grand'Eur\ remarks 
that the fossil forest in the roof of the great coal bed at Petrc szer.y. 
in Hungary, rivals that of Purbeck and that the trunks, erect, are 
rooted on the top of the coal, while around the stems at the bnttijin 
of the deposit are branches of Ta.voJiiiiii disticliiiin. clearly fallen 
from the stumps, A similar condition is reported from localities in 
the United States and in Europe. At times, the roots ni trees grow - 
ing in the faux-toit, pass downward into the coal as described bv D, 
White for a mine in Texas and by other observers in places where the 
stumps are rooted in the coal. Grains of coal are not rare in the 
roof or the accompanying rocks, showing dearly that a coal depo-it 
had been exposed to erosion. In much of the Oligocene areas of 
Prussia, the original roof has been removed and has been replaced 
with late drift material. The gradual di-appcarance of coal-forming 
C. Grand’Eury, Comptes Rendus, T. 130, 1900, p 1689. 
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conditions is shown very frequently by a faux-toit: but not rarely the 
passage from coal to roof is abrupt, which may indicate, perhaps, 
that petit-making had ceased for si line time prior to the burial under 
transported material. 

The coal beds are rarely single: they are divided by partings into 
benches, which differ greatly in thickness and in composition, though 
there are beds which are remarkably uniform in composition through- 
out. The coal may be hard or soft, massive or laminated, and the 
set'eral t}pes may be in separate benches or even in the same bench. 
Generally, the coal is liard enough to require the use of heavy tools 
in ndning so that it comes out in lumps. Knabben- or Knorpelkohle 
of the Giermans. Th.is type is especially characteristic in the United 
States. Hut in somewhat extensive areas within Germany one finds 
abundantly the other type. Form-, I-'ein-. Rieselkohle of the various 
localities, fine-grained, earthy in appearance and but slightly coherent. 
All types of coal, enumerated by authors, may be found in a single 
bed or even in a single bench. Fragments of wood are numerous, 
lignite at one end where the annual rings are distinct, while at the 
other end they have been converted in shining Pechkohle, apparently 
without trace of vegetable texture. A similar condition is seen in 
many cases of replacement, for one part of a stem may be wholly 
silicified while the other remains wood. In such cases, the original 
structure frequently remains distinct, whereas in replacement with 
dissolved carbon compounds, as in Pechkole, the structure disappears. 
The distribution of Formkohle in a bed is indefinite; it may occupy 
the whole space from floor to roof, interrupted only by partings : it 
may be at the bottom or at the top. or it may alternate with benches 
of other coals. Its mode of origin is discussed elsewhere by the 
writer. 

fvlacroscopically. the coal consists of various fragments of organic 
and of inorganic origin, embedded in a structureless mass, in which 
the unaided eye can find no trace of texture : but under the micro- 
scope. this structurele'S mass proves to be minutely divided plant 
debris. Woodv materials are often predominant, occasionally more 
than three fourths of the mass. Logs are reported from all locali- 
tic'. but thev are distributed irregularly through the deposit, at least 
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as a rule. At times, prostrate stems as wlI! as suuup- are 

abundant especiallv in the lower portion.-, hut a: utiier- t:K_\ ''Ueur 
within definite horizons in the higher jiorti'iu-: the -u’aikT i".ie'iKin' 
are frequently converted into mineral charC'>al Ihe-e c cnir.a I’l-. 
observed in widelv separated American localities, are -iTiair to iho-e 
Oiiservedi in many European place-, tliough. there, mti-e- oi . e- ..re 
not so common as in the American lignitic coa's; l,iu tb.e 1 g- tire 
found in all sorts of coal. Formkohle as well as kurirpelkob le at'.di. 
manv times, they are of enormous size. I’n'-trate i‘’g' are. \\r.!’ r.i-e 
exceptions, compressed, often so compres-edi tiitit it 'waud ^ee■.r. .1- 
though only the bark remains, but erect stumps are \ er_\ rarc!_\ C' an- 
pressed. Leaves and the strongly compressed stems appetir a- 
pressions on the structureless debris though occa-ionally. as at I’, r. ey 
Tracey, leaves may form the great mass as shghtly cimures-ed lugs 
do elsewhere. The logs belong mostly to coitiifers and they iito'e Iieen 
preserved because of the resin-content. Tiie dicbris. formed, from the 
softer, more readily decomposed plants an.l portions r.f plants, con- 
tains spores, pollen grains, bits of dicotyledc.n 'U.s plants as well as 1 -f 
the softer parts of conifers. The disintegration and deccimpo-itMii of 
the material has led to enrichment in resins, as shown under the 
microscope. Replacement of wood is coimmon. the replacing matcriai 
being for the most part, silica, pyrite. calcium and ferrous carbemate.s : 
this replacement has been observed in the peaty material of the 
debris, giving the nodules, which Gotlian and Hdrich have termed 
torfdolomite. 

Animal remains have been found, in coal at many localities. 
Sedgwick and INIurchison. as well as Anker, discovered bones of 
mammals in the Eocene bogs of Styria : Katzer saw teeth and l)"nes 
of mammals in the Banjaluka coal: Fournet saw abunrlance of land 
and freshwater shells in the French lignite: v. Giimliel ■ Xw-rved 
Helix in some layers of Pechkole in southern Bavaria. The dysodil 
or Blatterkohle of the Lower Rhine region contains maus’ species 
of batrachians, fishes and insects, while that of southern France 
is closely packed with fish remains, retaining at some f icalities much 
of the original animal matter. Inorganic material- are normal C"n- 
stituents of coal ; some of the admixture is due to silicious organistns. 
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inr diatnm.= are of common occurrence, occasionally following im- 
[lortant deposits: a greater proportion is derived from the mineral 
content of the coal-imoducing plants themselves : but when the quan- 
tity is considerable, the most of it is of extraneous origin. Pockets of 
-and and silt have been reported by almost all observers. The silt 
is often distributed intimately throughout the coal or it may be col- 
lected in thin laminte, such as render the coal worthless, or it may be 
in comparatively thick ]:)artings ; even pebbles of rock have been 
reported from a few localities. 

Crown coal deposits, with rare exceptions, are broken by part- 
ings. These may be so thin as hardly to be seen by the unaided eye, 
yet they are distinct, for the coal separates on their planes ; they 
may be a fi:>ot or more in thickness and composed of any material 
transported or formed in place. Each definite parting is roof to the 
tinderlying, and floor to the overlying coal. Roots, leaves and fresh- 
water, as well as land shells have been reported from clay partings 
in Hungary and Bosnia, leaves from Xew Zealand and Borneo and 
freshwater shells from shale and marly limestone partings in France. 
References to other regions are in preceding pages. Each parting is 
evidence of interrupted coal-accumulation ; but its thickness at ant- 
place is no evidence respecting the duration of the period of interrup- 
tion, for the thickness is a variable quantity. Russwurm notes a part- 
ing which increases from 0.5 to 4 meters within a short distance : near 
(dran in Hungary is one which is 1.9 meter in one mine but 17.45 
n.-eters in another, only a little way oft' : Evans has described one in 
dd’ashington. which thickens from 4 to 90 feet within a horizontal 
distance of 3,-00 feet, while in another direction it quickly decreases 
to 10 inches. Such variations are due to merely local causes as the 
deposits, for the most part, are of very limited extent. The changes 
are comparable to those observed in the rocks intervening between 
coal beds, often so great as to make correlation of the coals difficult. 
The partings, which consist largely of mineral charcoal, are im- 
portant, as they appear to be often persistent throughout a basin; 
yet thev are rarely more than half an inch thick. These indicate a 
positive change in conditions which made growth of vegetation im- 
])Osible and led to exposure of the peaty surface to atmospheric 
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action A layer of mineral charcoal and mintitels divided me r^amc 
matter ma_v be the residiutin from a Ci'n-iderable thickne'' of peat: 
the proportion converted! into mineral charcoal and -o rendicredi piatc- 
tically indestructible woukl he .-mall coniptired with iluit wa'ied: Ijn 
C'Xidiation and renioveri by the wind. 

E\'idence of long-continued interruption of ordinart peat for:; a- 
tion is afforded b} forest beds within the coal deposit, .Vt .Seufie-’- 
berg, as shown bv lAtonie, the surface of the bog hecante dirt eia 'i'.-b, 
more than once, to permit growth of trees: in the Cci'.iigne-l-inz :raa. 
the dryness was such and the period 'O long that a fcircm. contain.:^ o 
trees with i,6oo annual rings, had full 0 [)[)cirtr,nity fi.>r de\ elopniein. 
In much of the Cologne region, the va-t propijrtion of the sic;i'.' 
are prostrate, but that condition i^ by no means evidence that tiny 
are in any but the place of growth. They are merely overturned, 
trees as are those of the white cedar swamps of Xew Tet'ey '-r th- ■>!.■ 
in the cypress swamps of Florida or the bogs of flurneo, ( lue !a\er 
in the Cologne-Linz district is a meter tiiick Init erect 'tumps 
present among the prostrate stems, as Horner andi Ileusler have 
shown. Trees of such immense size as those dcscribeil by Horner 
indicate a very prolonged period of comparative druiess. during 
which the peat, as soil for the trees, was protected from wasting liy 
oft’al dropping from the dense forest cover. .-V somewhat similar 
condition was noted by W'egemann in the Barber coal field of 
Wyoming. 

The flocr of coal beds is as variable as the roof, but it i' U'Uall}' 
clay or marl. The transition from the coal is occasionally abrupt, 
but in most cases the passage is gradual, through a lau.x-mur. cvin- 
sisting of alternating layers of doaly materia! and tl'.e niur r. ck- 
\'ery frequently the mur contains fresh water shells, that c- ind'td.n 
being reported from many places in all part' of the w'r.rld. Land 
shells are not rare: they may have been floated in or tlicv nia\ mark 
drier places in the swamp. Leaves are found frequenth' in the mar'.' 
and clays. The notable feature of the mur is the pre'cncc of root- 
attached to stems projecting into the overhing coal. At tnr.cs th.e 
roots alone remain recognizable, the stems h.aving been merged in 
the coal. Usually these are those of swamp tvpes : hut in cases 
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where ll'.e project into the coal other forms may occur. The 

classic i'ih'.'tration is iliat at Senitcnberg, described by Potonie, 
where one 'ces complete evidence of destruction of a forest by a 
iransgre''iny Imy. Kuknk'.s phi iioirra]ih of wholly similar conditions 
i' ciumlly conchi'ive. .X'ot rareh the ■'tumps had become hollow 
before 1- ntomliment. 

Xi I coinpleie 'Latenient re.spectinjt the tlora of the brown coals 
can be made: t’ne plant" obtaine.l from the associated rocks cannot 
be utilized as the}' are enclosed in rocks of transported material and 
represent, in part at leti't. the itpland flora : they arc as inconclusive 
;is would be lists in' forms f, lund in the clays and sands which had 
'!ip]ied down on a swamp, to one endeavoring to determine the plants 
of peat. It is necessary to confine one’s investigation to such infor- 
mation as can he obtained from the coal itself, though in some cases 
evidence from the enclosing shales may be utilized as illustrating 
prevailing conditions in the immediate vicinity. 

The legs and stumps within the coal beds are almost invariably 
conifers. In Greenland and Spitzbergen. recognizable remains are 
rare in the coal and the logs are usually silicified ; but the associated 
shale shows that, during its deposition, the prevalent types of the 
immediate vicinity were conifers and other forms of acid-loving 
plants, a '-^vamp flora, so that swampy conditions prevailed in the 
area whence the shale material was drawn. The Pliocene coal of 
Ilungarv is crowded with stems of Scqiioui: the IMiocene swamp 
of A irginia contains Tci.vodimii, ^yssa. Solix, Qiio'cus and other 
types belonging to genera familiar in recent cypress swamps. At 
Bovev Tracey in the Eocene, ferns and Sequoia predominate, yet at 
the bottom of one bench there is a mass of dicotyledonous leaves. 
Fournet found a typical swamp flora in the Mon lignite, where he 
recognized birch, juniper, fir. cherry and walnut, with sedges and 
rushes. Daubree. near Lobsann on the Lower Rhine, found that the 
mineral charco;fl is from conifers while the peculiar fibrous coal, his 
lignite bacillaire. -which forms the greater part of some deposits, 
is derived from Palms. At Senftenberg Taxodiitm distichuiii is the 
prevailing type in the coal, but in the upper layer are stumps of 
Finns or Picea. Conifers and palms are the most abundant types in 
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the HarJt district of the Colognc-Liiiz re^ii 'ti. I'i’c i> i raeaiciit' 

in Brandenburg mines are practica’ly all I'l'i ‘-n C' ■in ii. ; in Sac’n~L-n. 
the fossil wood is coniferou'. lieh 'lynig a’.no.-; w i I'lc 
cypresses: but at Tanndorf, where the c^ 'n.'.iii. 'U-- am we'! '!'',\n. 
Penck found. SuIviJiia and ’i'ra/’u in the Lower [f 'rti' 'ncceo'L'i !i\' 
a lacer with Antndo. which fidlowed by ironra! peat will; I'ct'i u' 
and Pabjuicitt's. Reu^^'^ collections from th.c leiiil lime>t''ne r''>: 
of the Pliiring coal show that the coal \\a.- formed; a; t!ie i’-eae! ‘U’ m.i 
estuary for, mingled with remains of marine animal', it conla.med 
abundant fragmentary remains of So::::. I'l'ico. paint' aPe! ■ 'tl’.er 
swamp plants, which, it would, seem, must bate been torn awa_\ from 
the still living swamp on the shore, cc'iitinuous with the burie-il 'wami) 
which has given the Haring coal. American localitic' tell tlie 'a:'’e 
story respecting the woody materials. Grand.'Eury.-''^ in summing 
up the results of his studies, asserted that in the lignite area' m' 
Tertiary age he had found as many stumps with roots ami ItrancItC' 
i)i situ, as in Carboniferous coal basins. From their position, e\en 
in the midst of rucks and limestones, it is to be presumed tiia: the 
ill situ roots are evidence of plants growing on bottoms subject tu 
inundation. The flora shows instances of local variation, one strik- 
ing illustration being that recorded by Ileusler in the Col'.)gnL- area. 

A'ery few observers liave given detailed record of Ljcalities where 
evidences of contemporaneous erosion arc distinct The w riicr lum 
made careful comparison of section^ preserved in banii' of con- 
siderable magnitude and he is convinced that the variations in coal 
and the intervening rocks are such in many areas that tlicy can be 
explained as due only to contemporaneous erosion. The ai>solute 
proof of such erosion cannot be secured except where coal mining 
has been well-developed — and there are few such localities in the 
American Tertiary. European basins are small and the petty varia- 
tions due to contemporaneous erosion are casilv overlooked. \'erv 
clear ca^es of such erosion have been repnrtcd from the interval 
rocks of Wyoming but in no case is the extent fully revealed. Evans 
has shown that in AAsliington some coal bed- have suffered severelv 

-'** C. Grand’Eury, Coiiiptcs Kendiis, T. 138. lyog, pp. 666 ft'.. 740 ff. 
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aii.l that, in laiii'-ihievalilL- .'jiaoc', the c^al lia' iiceii remtived and lia^ 
l)een rLjdaceil with .'aiid-irine. 

The intinuite te'enibkinee of inany lirown ciial depo-it' to those 
of peal h;o heen aftirnied by many ulJ■^erver'. Collier recognized the 
re.'embhince in Ahi'ka and Washington a.' diid lildridge in Alaska: 
lititi'i was positive respecting it in southern Xew Zealand: several 
authors liave de-'Crilted the Moor- and iNfooskohle of rrnssia and 
I’.ohemia: Goihtin tind Ilorich have sh.own that the Te'rfdolomite of 
tile l-ower lehine is nierele n'ature peat replaceal by inorganic matter: 
.''niith and 'I'ravers- ‘ de-'cribed as peat an impure bia^wvn coal nnder- 
’.\ nig the l-oiii’on clav. In ni.iny ] 'laces the C' a! has been found rest- 
ing oil the diaracteristic reeal lied.s. 

I'ew stiuleiits iia\e '.iKi'le minute investigation of the structure 
and. succssioii of ind;\ i'iual beds. IVnck's ebservati't'ns at Tanndorf 
have itiad.e cleiir ilitit the brown cotd tit that place is in a lake basin : 
the muddy Uoo- ai'ford.e'l roothshi f'.ir iluating [ilants. C’n whose debris 
nts’iies ami other plants of siniihir habit grew, until the surface be- 
came such a- to permit growtli C'f s’nrubs and trees. Others have 
repi'irted the i icciirreiice of swamp plants in the brown coal, but they 
have n''it sai'i atn’thirg about their vertical distribution in the deposit, 
.''imilarlv. the jiresencc of land ami f-.-eshwater shells has been noted 
by numerinis writers, but there is rarely any information as to tlieir 
distidljutiiMi in the bed.. All tliat oik- may assert is that these indicate 
the existence of pools or ponds in the marsh. Expansion of the 
accunnilating area bv tran.sgres.sion. after the manner of swamps, is 
distinct at nianv jilaces. .‘'lolir has shown that in a part of Pmssian 
-^ach.-en. the deposit began on an irregular .surface as a number of 
separate lenses, which often became united by crossing the dividing 
ridges : s.-i that the coal is from o to 20 meters thick, being thinnest 
on the low rolls separating the narrow troughs. D. M'hite’s descrip- 
tiitn of conditions at Lehigh. North Dakota, is wholly similar: the 
greatest thickness is in the liollows of the door and the coal becomes 
thinner toward the "rise." At Senftenherg and Orehkau, as appears 
from description hv Potonie and Rnsswnrm, transgression igion 
forc't-- is clear. At Senftenherg, the forest was living when the marsh 

-'O' A’, aiul 1 \[. \V. Traver.s. J,nin’. .S'c,- Chcni. Ind., \’ol. XI., 1S9J, 
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invadci-l it, and the steuii;, still erect, exleiid; ti’c c«’;il: hi'.t at 

t'rebkau, the ce^'inlitioii appear' to ha\e heeii dille-en; llxre. 'C' 
increase downward until at the hoiiirr. the> Cen'f.r.ne pracnc.i'iv tile 
whole mass. The forest growing; in leo=e nutenal •'"c.'i '.noe Ikcii 
overthrown, tor in the mines examined by Kn.'Swurin. no erec; 'tenw 
were seen. ]\Iany bceis of brown o.ial ?eeni :>> iw w'.r.dly wit’.'"i;i tree 
trunks, just as there are many peat beg' without iragu’enU' '.a'ger 
than a twig: these had not reae'hed the stage ei treC'g' > iw ih. Inwr- 
ruptions in growth are equally cliaracteri'tic en' petit b rg' tm.! lirewn 
coal bed'. Some arc shown by ptirtings C'Citaining ir.uc'.! irinera’ 
charcoal, others by ptirtings of transpeirtedi mirertd matter, w’ule 
others still by th.e fiorest layers. At Bovey Tracey, a great nui" "i 
leaves in the lower part of a thick bench is the reinai’ting e\ kie-nce < >' 
a dicotyledonous forest, whose non-resine.us stems have di'appeare '.. 
.-V succession of forests is shown at Xenftenberg, even t > the hi't. 
which was entombed in the covering sands tn was tliat at W’urzen in 
Sachsen. The great forest bed of the Ilatait area mtirks a l>aig, 
though not total interruption: growth of normal peat ceased tor the 
time, but accumulation most probably continued: cital frecn conifer- 
ous trees accumulates to notable thickness in many parts m' the wcirld, 
without injury to the trees; Capps has shown that in Ala'ka, where 
the plane of perpetual frost is at only a few inches below tlie- surface, 
the gigantic spruces adjust themselves to the conditirms :ind throw 
out new sets of roots as the peat surface rises. 

The benches of a coal bed often are dissimilar. C)ne finds no 
evidence of widespread climatic changes during the perioiil of a 
single bed’s growth. In most cases, there i^ evidence of iiotahlc 
variation in moisture conditions and dryness appears in some locali- 
ties to have prevailed for long periods: hut there i.s no evid.eiice 
that these variations were due to any but local causes, Thev are 
much like those which may be seen in almo-t everv peat dicp'jsit. 
.\t Bovey Tracey, one bench is composed alnr-'t whollv of fronds 
of ferns while another is a mass of Sequoia 'tcnis : near Budweis, the 
upper bench contains stems completely coaled, while the lower bench 
is composed mo.stly of the imperfectly cliange(l l\loork( dile. Ilantken 
has described a bed of which the upper [>art is woodv, crowdeil with 
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Si'ijiiOhi. while the h'Wer part i> haial coal. At ( )rebkan, the upper 
liench is Kir ‘’pelki .hie, with very little wdihI. while the lower bench 
i< [ (irnikohle with much w'Cioil. \ ariations of similar type are re- 
]i. irteil fre.nt American h calitie' ami they are such as are familiar to 
student' of peat d.epu'it-. I he} are ser characteri'tic that one finds 
It dutiicult til avoid! tlie cijnchmion that, as in peat liogs. the process of 
conversion wm arre>ted in .'..me benches wdiile it continued in others. 
It seems harul_v ]i. ."ible th.at tlte diitferences developed after burial, 
as conditions since that time must have been practically the same for 
;dl pir.rtions of th.e de;iosit. 

Ihe ditierencc' in jihtsical feature' arc accompanied by dificr- 
eiices iit chemical Composition. The lower portion of the coal bed 
on Adx’ent Ihi}’, Si.itzbergvn, has 9 per cent, more volatile than is 
found in the upper portion Coals from diilerent parts of the same 
mine show even greater contrast : iS per cent, near Gran in Hungary, 
-23 near Brennlierg in the same kingdom, 35 at Glendive in ^Montana; 
;md similar variations are 'liown by analyses of samples from neigh- 
hioring mines cai the same bedi. Th.e ash content tells the same story: 
in six mines on the same bed. near Rockdale, Texas, the ash varies 
from 9.43 to 24,! 17. The comparison is more instructive when one 
considers the compositicin of the ash, for the samples analyzed were 
prisms representing the full thickness of the seam, only such part- 
ings being removed as sliould be separated Ijefore shipment of the 
coal. The silica is from 21 to 47 per cent., alumina from 12 to 28, 
ferrous oxide from 2 to almost 25. lime 6 to 38 and sulphuric acid 
4. 58 to iS.oi. These samples were taken in an area of probably not 
more than 2 or 3 square miles. It would appear that conditions 
during accumulation varied greatly in the different parts of even 
small area', iust as they do in the swamp areas of this day. 

Sapropelic or Lebertorf material is an important constituent of 
manv sw amps, though there are very many in which no trace of it 
exists. It has been reported occasionally from the Tertiary coal. 
Hall obtained at Amalik Harbor, Alaska, a dull coal wdiich contains 
Sr.2<) per cent, of volatile matter: at Hendota in AVashington there 
are lenses of what appears to be I.eliertorf, the coal having all the 
features of cannel and burning with a long smoky flame; lenses of 
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wlio'.ly simFar material were e.lwcrxei! nv IF White at Il(i\t. "I'cva' ; 
the 'time uliNcrver ha' de'Cnhecl tiie etmue'-hkc ate.tefia'. '>1 the 
Le>ter hch in Arkaimas. very ricli in ni’' anii in e*-' 'O ine’-i eainhe- 
pnwer: it is rich al'o in si>ore; and p.'lAn L'\;nt.'. I ei'faia 'F''.'. 
shale" oi Iiiyh i;raile i' rci'eirtecl ircni Xew Zyahna'. 'I'lk n i'ile ni 
iseciirrence and the chentical as well a' ph.e.'ietil Ci in't.t'-.i'.yii iiaiicate 
Very eh'Se relatiLin>hii) te) the Lebert'irf'. 1 ’_\ r. 'pF-ue pia-L!’.!' .'ink- 
je.'ohlent' 111 it yet \vholl_\ solved, thtitt^tth they li;i\e attracted, tittentinii 
from many students; but there appears m he htt'e ecidetuk in 'tup- 
pcrt the h\pothe,'i.' that it is merely the rv'in nf th.e i-riyintil plant', 
concentrated hy plukical agencies during trait'])! irta.ii' "i ,.f tFy more 
or less converted peat or bntwn coal: while tliere i' mncii t ■ 'tigge't 
that it is related to the Lcbertorfs. The cc'ndnti' n i' dilYLtkiit in th.e 
case of ilysodil or rilattcrkiahlc : that is without I'riu'it of '.ijiripe' c 
origin. It occurs in lenses, sometimes at the bottom, at otlier' in I’m 
upper portion of a bed, while, occasitinally. it funns the wla le ma" 
This contains abundant remains of aijuatic animals, 'imrc'. pn’leii 
and. at times, is rendered almcrt worthless liy the great iiro])! irta at 
of diatomaceous earth. 

Haiditiger. in studying the Faserkc.hle from the Haring delll.^ll. 
discovered that it contained a material, which he hohevedi was intrn- 
duced when in the condition of dopplerite. a solul)!e con'iiiuent nf 
peat: D. White in several publications has maintained that liie ieti- 
fied wood, so abundant in the xyloid Tertiary coals of the L'nited 
States, owes its character to the infiltratieii of dissolved product? of 
vegetable decomposition. Glbckner reached the same conclnsion re- 
specting the Glanzkohle " of Zittau. \T.n Gunibel regarrk-d tlie 
■■ Carbohttmin" or cementing material of brown coal as merely dop- 
pleritc which had ]iassed over to the in?olulj!c cnndition. r)o])i)Ier- 
ite, as the analyses show, is not a true mineral but is a mixture nf 
variou? humic or humic and nlniic comi)oini(Is, which after In'iii"- 
an indefinite proportion of water, is .so changed that it canimt regain 
plasticity even by prolonged submergence in water. The zittavite 
of Gluckner appears to be a wholly simikir 'ubstance: the terms 
(loiii)lerite, Carboluimin and zittavite indicate the genlnu-iyal horizmis 
of the occurrence. 
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The carbon content of brown coal varies; in a general way it 
gives proof of great advance over peat, yet in many localities the 
process of conversion stopped short of the stage reached by most 
of the fuel peats of which analyses are available. Pliocene coal of 
Bavaria has from 62 to 69 per cent.; Miocene coal from one mine 
in Bavaria has but 49, the Bdeleny coal of Hungary has but 54 and 
the Grottauer coal in Bohemia has 53 ; but in other localities in 
Bavaria the carbon is almost 71 and near Brennberg in Hungary it is 
72. The Oligocene coal in the Gran-Comorn district of Hungary 
shows 65 to almost 74; the Brandenburg coals have 60 to almost 71, 
the Zeitz area of Sachsen 64.7S, and the Cologne area only 62. 
Eocene coal of Bovey' Tracey has almost 70; coal at Rockdale, 
Texas, contains 67.36 to 77.11 in samples from several mines on the 
same bed. In the northern areas within the United States, there 
are few analyses showing less than 70 and some reach 75, but in 
Alaska coal from most of the beds has from 64 to 70. In Alaska 
and Washington, there are localities where the carbon content is 
much higher, but those do not concern the matter in hand, as there 
is reason to look upon them as more or less metamorphosed. 

Beyond all question, there is at most localities distinct evidence 
of progressive enrichment in carbon with loss of oxygen as one 
descends in the scale. The extremes of carbon content in peat are 
40 and 64 ; in the IMiocene, 49 to 72 ; in the Oligocene, 58 and 70, 
in the Eocene, 64 to 79. At the same time one must recognize that, 
as in peat deposits, the progress of change was checked in some 
localities at a much earlier stage than in others. 
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COLOR VISIOX AXD TACTII.E DISc'RIM 1 \ ATli »X 

DESCRIDED IX THE REi'ORTS < U- Till'. l'AAE- 
RRIDGE AXTIIROroLOcilCAI. EXl’EDErU 'X 
TO TORRES STRAEFS. 

By E. B TITCHEN'ER 
(Rcjd April 7, i<jio ) 

The work of the Cambridge Anthrofieiioyica! Exj-cir.'.' 'n t • Tnrrc' 
Straits was planned to include a psycltiTigictd 'tud.\ nf il\- n.ui\e 
population. The "equipment of a small p=ychoF>gical lahrir.it- >r} 
was taken out to IMurray Island and ^ct up in tlie liisu.'cil nrE-ion- 
ary house: and the tests made, there and eLewhere. were conducted 
by INIessrs. Rivers, Myers. McDougall and Seh'gm.ann. The leader 
of the expedition was already kr.own to the natives, whcisc g.od.will 
was thus assured.^ On the whole, I >ui)po;e that heh-l-work in 
psychology has never been done under better condiitiisns ; the ap- 
paratus had been considered and chosen beforchianJ, the experi- 
menters were competent, the natives were amenable. Yet I think 
that no home-staying experimentalist can read the p-ychological part 
of the Report with satisfaction. At any rate, tlie impression left bv 
my own repeated reading is that the tests were inaflequate to tlwlr 
purpose. 

In the present paper I criticize, severely as I can, two samples 
of this field-work. I have chosen te-t-; whose results have been widelv 
quoted. and I have chosen them for their strength rather than for 
their weakness. It is true that the Report is fifteen year^ eld; and 
it is true that, during the past fifteen years, experimental p-vcho!os;v 
has made great methodical advances, social anthropologv has grown 

1 See Reports of the Cambridge Anthropological Expedition to Torres 
Straits, II., 1901, V. f., i ff. This volume is referred to, in later notes, by the 
letter R. 
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apace, and ps\ chotechnic> has come to the forefront of discussion. 
It does not follow, however, that my criticism is out of date. For 
fieid-psvchology is still in its first beginnings. Something, no doubt, 
has been learned; and an e.xpedition that we should organize today 
would hardly be content to repeat the programme laid out for Mur- 
rav Island. The labor and ingenuity spent upon mental tests have 
not been simply throw n away. I doubt, nevertheless, wdiether the 
new expedition could be certain of improving, in any material way, 
upon the work of its predecessor: and if this doubt is well founded 
— nav, if there is any doubt in the matter at all — then a detailed criti- 
ci'in of the older tests, supported as mine is by collateral experiment, 
ougl’.t to be of service. 

It i', perhaps, not out of place to add that I am criticizing experi- 
ments with which I have the greatest sympathy. IMy own lifelong in- 
terest in psycholog}- came by way of anthropology: and it I chose the 
laboratory in preference to the field, that was only because I was 
convinced that the first necessity of experimental psychology, as a 
science, was the standardizing of instruments and procedures. I 
realize that time presses ; the primitive stocks are fast changing or 
disappearing. I realize, too. the dilficulties of work in the field : the 
unaccustomed mode of life, the lowering of health, the indifference 
and trickiness of the native, the frequent breakage or failure of ap- 
paratus and the impossibility of replacement or of proper repair. 
IMy criticisms are thus offered in the friendliest spirit : and my aim 
is to lead up to positive suggestion rather than to conclude with a 
merely negative result. 

One further point, and these introductory remarks mav be ended. 
The critic of tests performed in the field is at a serious though un- 
avoidable disadvantage, in that he has nothing more to go upon than 
what the field-workers include in their report. When an experi- 
mental study is published by a laboratory, it is open to anv other 
laboratory to repeat the work with observers of the same order of 
intelligence and training, by the same methods, with similar instru- 
ments. Tests made in Torres Straits cannot be thus controlled; the 
printed pages are all that we have. I have tried, nevertheless, to 
make parallel and illustrative e.xperiments of my own. If the reader 
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finds them relevant to the issues discussed, the creilit is large'} due 
to the fullness with which the authors of the Kepi'rt have \\ritti,n. 
They remind us, time and again, that human nature is :nr.ch tl;c ^aTiic 
the world over. The old lady on Murray I'land win. ” h}' a-socia- 
tions of some kind," gave her own ami her friend-' nair.e- w h.en she 
was asked to name a set of colored papers, have we m it met Iwr — 
with all respect be it spoken — in our summer -es.-ion- .' i Ik man 
who was asked to arrange the colors in the order (if hi- likn.ig, a.nd 
who handed them back in almost e.xactly the order in whicii they 
had been presented by the experimenter in an earlier tv?t. is a fairly 
familiar figure in our laboratories. If, then, I pre-entlv compare 
the observations cf my colleagues with those of a Papuan ciiicf, I 
am not necessarily falling into absurdity. 

I. The Delicacy of Tactile Discrimix.miox. 

I begin with IMcDougaH's experiment upon the litnen of dual 
pression upon the skin. His conclusion is as follows : " The-e figures 
indicate that in the skin areas tested the Murrav Islanders Iiave a 
threshold of tactile discrimination of which the value, in terms of 
distance of two points touched, is just about one half th.at of Engii-h- 
men, or we may say in other words, that their power of tactile dis- 
crimination is about double that of Englishmen. And . . . we mav 
assume that this result is true for all or mo^t parts oi th.e skin."- 
I shall try to show that the conclusion does not folPiw from th.e ex- 
perimental data. 

McDougall used “ a small pair of carpenter's dividers witli blunt 
metal points.’’ 

“ These two points were applied to the skin simultaneously with liXit 
pressure lasting about one second. The suljject was told to keep Ins eyes 
shut, and the area of the skin operated on was further guarded from Ins 
view, . . , He was told to say ‘one’ or ‘two’ according as he judged tiiat 
one or both points touched his skin . . . The threshold that I sought v. as 
. . . not that distance at which two points can be distinctly felt, but a slightly 
lower one, that distance at which they yield a sensation perceptibly different 
from that yielded by a single point. 

“One point was applied in every experiment about as frequcntlv as tb.e 
two points. ... In order to keep the attention and interest of the subject as 
keen as possible, I found it necessary to tell him after each answer wh.ether 

2 R, 192, 195. 
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he was right or wrong, for in default of this precaution many of the subjects 
soon contented themselves with random answers.”^ 

It is a minor but still a relevant detail of criticism that the metal 
points should have been replaced by hard wood or hard rubber. The 
metal points appeal to the temperature senses as well as to the sense 
of pressure. I pass, however, to more important things. It will be 
noticed that although, on general principles. " the procedure should 
be. as far as practicable, without knowledge on the part of the sub- 
ject."^ the method is in fact full of suggestion. The subject knows 
what is being done to him; he is to judge whether “one or two 
poi)its touched his skin.’’ The stimulus-error, with all that it brings 
in its train, is thus not only admitted but even welcomed. Secondly, 
the one-point stimuli are “about as frequent” as the two-point. 
The subject thus has recurring opportunity to check or control his 
dual judgments. And since he is told “after each answer whether 
he was right or wrong.’’ the control is continually renewed and the 
difference between single and dual stimulation is continually empha- 
sized. 

The results obtained may be illustrated from the forearm-limens 
Murr.\y Islanders. 


Average of 50 men 19.8 mm. (median, 20; extremes, 40 and 2) 

Average of 25 boys 14.0 mm. (median, 15 : extremes, 25 and 2) 

Englishmen. 

Average of 23 men 446 mm. (median, 40; extremes, 90 and 10) 


It is clear that the Englishmen have the higher average limen. It 
is also clear, however, that the range of the results is excessive. 
In the case of an elementary perceptive discrimination, we do not 
expect values that range between 40 and 2. or between 90 and 10 
units of measurement. The results suggest, then, that different 
subjects may have been doing different things. Fortunately we have 
collateral evidence which not only confirms the suggestion but also 
indicates what the different things aimed at and done may have been. 

The limen sought by iMcDongall was, it will be remembered, “ not 

3 R. 190 f. 

^ R, 189, 

'■ R, 191 f. 
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that distance at which two points can he ili'tinctly felt, h’.’.t . . tna: 

distance at which they yield a --ensation perceptiMy iiniereiu froni 
that \iclded hy a single point." It ha- hmg iKeii knu'.'.e. la .\e\er. 
tliat between the limits "point” and. "tv.ei p.'int> there are a nii’ii- 
ber of ihstinguishable perceptive form', (late', working reCeinit' 
in mv laboratory, distinguished " circie. "line and; "• nndobe.i : 
but there were slight differences within tlic'e categorie'. .o.i ; ne'e 
is no eloubt that mere such forni' cciuld. be mao;e on:.' 
then, that an observer is set or dispO'Cel for " dumb-bell . nmeii 
will be relatively high. Suppose, on the otlter hand;, tb.it ''e i- 'ct 
for "circle"; his limen will be relatively low. In eith.er eteiit lie 
will be reporting "a sensation perceptibly different front th.it yiehlel 
by a single point" and lying on the hither 'id.e of ” two p ini' d;'.i- 
tinctlv felt": but the limens will be the limens of two d.nYerent per- 
ceptive forms, and therefore will not be comparable the < ne w:;li t’te 
other. Here, I take it. is the principal key to the wid;e range of 
^IcDougall's results. Some of his ob'Crvers judget! " twe- " a' s- on 
as the impression of the points differed in the slightest diegree from 
"one"; others judged "two" only when the points were isn the 
brink of falling apart or had actually dcine so. If this inference i' 
correct, the comparison of the IMurray Islanders wdth the English- 
men is null and void. 

I made, to test it. a rather venturesome experiment. With Mc- 
Dougall's instrument " it was not possible satisfactorily to apply tl'.e 
two points at an interval less than 2 mm."' The re^the 5 iometers 
regularly used in my laboratory have hard-rubber points 1 diameter 
I mm.) which may be directly apposed. With our instrument', 
therefore, it is possible to employ a dual stimulation with a separa- 
tion of o mm. : in other words it is possible to compare the impres- 
sion of a single point with that of two apitosed points. It occurrcdi 
to me that I might be able, under the suggestive influence' c f 
IMcDougall's method, to discriminate these two impres'ions. I asked 

« E. J. Gates, “ The Determination of the Limen.s of Single and Dual Im- 
pression by the Method of Constant Stimuli," Aiiicr. Journ. Psych., XX\T , 
1915, 152 ff. M. Foucault (“ LTllusion parado.xale et le seuil de Weber," 
1910. 124 f.) distinguishes six intermediate perceptive forms. 

' R, 191. 
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the first available experimenter to make up a haphazard series of 32 
stimuli, lO dual and 16 single, and to perform the test upon my fore- 
arm in iMcDougall's way. The experimenter was wholly unprac- 
ti^ell, so that I worked under unfavorable conditions; the time of 
impression varied, its intensity varied, the instrument was set down 
s(rmetimes slowly and sometimes with impact, the ready-signal was 
often omitted, and so forth. As a preliminary I was given four 
stimulations, two single and two dual: by these few experiences I 
tried to fix in mind the diiterence of the two perceptive forms. Then 
came the series : and it turned out that I was able to judge the two- 
point impression correctly in ii out of its 16 appearances. That is 
a correctness of almost 70 per cent. 

The result was encouraging — so much so that I determined to 
repeat the trial under better conditions. A few days later, then, I 
workeil through the same series with change of order ( not that I 
should have recognized the original order!) and with proper regu- 
lation of times and intensities and warning-signals. I now judged 
the two-point impression correctly in 15 out of 16 cases. Since 
IMcDougall's liminal value requires only 13 correct judgments,^ my 
present limen of dual impression, calculated in his way, is some- 
thing less than zero. I have at least equalled the performance of 
Meiti and Tapau and Ciskak.'’ 

I give the series in full, since they are instructive to those familiar with 
the testhesiometric experiment. 



Tri.xl I. 

Prelimix.cry 

Stimulations, 4. 



1 Jds-t 

Mim 

Jdgt 

■^tim Jdgt 

Stint 

Jde: 

7 

I . . 

I 

2 I 

I 

. 2 

I 

7 

-7 

I .2 

7 


J 

I . . 


7 0 



7 

7 

I 

-7 7 

7 


7 

I . . 

I 

I I 

7 


7 

I . . 

7 

I 2 

I 

. . I 

7 

7 

7 

2 2 

7 


-7 

I . . 

I 

I 2 



Summarizin 

ig we have 





2 judged 

as 2 ; 

II times 

I judged as i . . . 

. . .8 times 


2 judged 

as I 

5 times 

I judged as 2, . . 

. . .8 times 


® R. 190. 






° R, 203 f. 
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Sum J ;gt 


I I 

I I 


I I 

I 2 


Tri.al II. Prelimix.vry Stimi-i_\tions, 6 


Stsm. JJgt M:n! .ISgt 

2 I I 



I I 


I I 

I I 


I ■ . . I 


I I 


Summarizing we have : 

3 judged as 2 15 times 

2 judged as I I time 


I judged as i 14 tinu-s 

I judged as 2 2 times 


I need not say that there was no hint of duality in the perceptive form 
which underlay the judgment "two”: I yielded, without compunction, to the 
stimulus-error. Moreover, since I was interpreting and not describing. I can 
say very little of the perceptive forms themselves. The one-point impres- 
sions were solidly homogeneous, and often had a trace of sting in them: the 
two-point impressions were duller and coarser, and at times gave a hint of 
something like granulation. I did not as a rule think of the two-point im- 
pressions as larger, more diffuse than the others, though I recall that the 
one-points with sting were rather definitely small. 


The range of ^IcDougall's results might thus be accounted for. 
We have still to discuss the fact that the average limen of the Mur- 
ray Islanders is smaller than that of the Englishmen. 

Rivers, writing of these same Murray Islanders, lays great stress 
upon ■' the over-development of the sensory side of mental life in 
the savage. iMyers. dealing with a like theme, points out the inter- 
pretative character of their sensory interests. " Probablv the mode 
of life led by primitive peoples and their general mental status com- 
bine to make them more aware of and attentive to the majoritv of 
external stimuli than we ourselves are. ... A faint odor may be 
simultaneously perceptible to the civilized and to the uncivilized in- 
dividual. To the latter it will be full of meaning and so will at once 
engage his attention; for the opposite reason it is apt to escape the 
notice of the former." Let us look at iMcDougall's results in the 
light of these general statements. The task set to the Murray 

R, 44 f,, 64. 

11 R. 181 f. 
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Islanders was a task of sensory interpretation; they were not to get 
a distinct perception of two separate points, but only "a sensation 
perceptibly different from that yielded by a single point." I have 
shown that they might have chosen any one of several perceptive 
forms, and I have argued that different subjects did, as a matter of 
fact, read different meanings into the instruction given. Their gen- 
eral tendency toward a low limen I ascribe to that sensory interest, 
that ingrained habit of interpretation of external stimuli, which 
Rivers and ftlyers attest. They were to find a '' sensation per- 
ceptibly different " from another, and they carried the dift'erence — 
some of them — as low in the scale of separation as 2 mm. 

The Englishmen also read different meanings into the instruction 
given. They were, however, as a group, less interested in the 
minutite of external stimuli than the savages ; their power of sensory 
interpretation was less : they paid, we may suppose, more attention to 
the particular instrument used, and to its probable effect upon the skin. 
They looked for a sensibly dual impression ; and though they did 
not all confine the judgment "two" to cases in which the stimuli 
fell apart for perception, yet they naturally tended in that direction. 
It is very significant that " among the Englishmen were five of the 
educated class, and these gave a rather higher threshold than the 
rest, who were all of the lower class. The farther we go from the 
savage’s sensory interest and power of sensory interpretation, the 
larger do our limens become! Xot. of course, that the educated 
Englishmen were necessarily less sensitive than the rest, but simply 
that they took " duality of impression " in a stricter sense. 

I conclude, then, that we have no right to say " of these iMurray 
men that their sense of touch is twice as delicate as that of English- 
men." That may or may not be the case ; but. in any event, the 
conclusion does not follow from McDougall's experiments. So far 
as relative " delicacy of tactile discrimination " is concerned, these 
experiments leave us precisely where we were. 

I have tried to find a reasonable explanation of iMcDougall's re- 
sults taken at their face value. I have now to express a complete 
distrust of his formal procedure. The "test” of the iMurray Is- 
R, 192 . 
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landers — 

TIcDougall de 

scribes it as " a 

combination of 

the n’letliriil of 

minimal changes with the method of right and wrong 

aii'W ers — 

bears all the earmarks of an incomplete psychophysical 

method. My 

criticism. 

in brief, is that fragments or sections of establ 

islieil methods 

cannot, without very ri 

gorous trial and definite proof 

of rcliali'.lit} . 

be combined to form a 

new method. 




X amber of Pre- 

Separation of Points 

Correct I'l.r.! 



Iimmary Tna.s. 

(Mm.) in Test-sericS. 

JuC;jtner.t=. 

I .'t- 1" cn 

I 

-’9 

22 

5 




24 

4 

25 ' 

2 

21 

40 

5 




4S 

3 




60 

9 




36 

10 




5^ 

10 




48 

7 




50 

4 




52 

8 

52 

3 

16 

30 

4 




40 

7 




50 

9 




45 

8 

45 

4 

12 

20 

6 




30 (discarded) 

s 




30 

1 




25 

8 

25 

5 

6 

30 

6 




40 

8 

40 

6 

12 

30 

8 




25 

7 




35 

7 




40 

10 

30 

7 i 

56 

— 

— 


8 

1 1 

30 

2 




40 

4 




50 

8 

50 

Q 

23 

3 ft 

9 




34 

8 

34 

10 

21 

49 

9 

48 

II 

10 

35 (discarded) 

8 




35 (discarded) 

3 




40 

4 





8 




60 

8 




80 

10 




70 

9 

5 '^ 


The aim of iMcDougall's procedure, on the quantitative side, was 
to get eight correct dual judgments out of a possible ten. I have be- 
fore me the data of a careful performance of Whipple’s te>t ( 1910) 
R, 191. 
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on the “ discrimination of dual cutaneous impressions."*^ They 
have not been published ; but by the kindness of my colleague. Pro- 
fessor Kennedy-Fraser, I am allowed to quote from them in this 
place. The aim of this test aPo is to "seek a distance such that 
about 8 correct judgments in lo are made, /. c., such that double con- 
tact is reported as double in 8 of lo trials.’’ The condensed results 
from eleven subjects, obtained after the prescribed preliminary 
practice, are given in the table on page 212. 

The subjects of this test received no instruction regarding per- 
ceptive form, and the range of the limens ( 25 to 52 mm. ) may be 
partly due to that omission. If we consider the results solely from 
the quantitative side, we may draw the following inferences: 

1. It is dangerous to repeat a test-series (Subject 2 ) ; to repeat 
is to give the method an opportunity to contradict itself. Conversely, 
the result comes out most neatly with the use of few test-series and 
fairly wide steps. 

2. Inversions are not uncommon. Subjects i. 2, 4 and 6 furnish 
instances in which a lesser separation of the compass-points yields a 
greater number of correct judgments. 

3. The weight to be attached to the preliminary trials is left to 
the discretion of the e.xperimenter (Subjects i. 10). The test-pro- 
cedure thus contains an element of uncertainty. 

4. The test as prescribed may break down altogether (Subject 
7). The failure in this particular instance is due, not to the inter- 
currence of paradoxical judgments,*® but to irregularity of the nor- 
mal judgments: the subject evidently changed his standard as the 
trials went on. 

G. M. W hippie, “ Manual of Mental and Ph\-sical Tests," 1910, 207 ff. 

^■■'This possibility was foreseen by Whipple (op. cit., 211). The discard- 
ing of series by the e.xperimenter (Subjects 4 and ii) was done for cause: 
but it too introduces an element of uncertaintj'. 

To meet the variety of perceptive form. Whipple recommends in his sec- 
ond edition (I., 1914, 247(1.) a method of contrast. "The threshold may be 
taken as the distance at which two errors are first made with the ten double 
points, unless subsequent better records with lesser separations show that 
these errors were due to a temporary lapse of attention.” I am afraid that 
repetition would still be dangerous; not only attention but also basis of 
judgment might shift from series to series. 
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All of these defects are characteristic of an imperfect, incom- 
plete, partial method. It may be said, I think, without qualification 
that numerical results of the same kind as those obtained by McDou- 
gall and by the performers of Whipple’s 1910-test may be got by 
fractionating the results of the method of constant stimuli. Here is 
an illustration from my own laboratorj’. 

Determix.^tiox of the Two-poixt Limex by the Method of Cox5T-\xt 

Stimuli. 

80 series, 400 observations. Stimuli o. 6, 12. 18. 24 mm 
(A) Results Arranged in Groups of 10 Series. 


Siimuli. Percentage of Dual Judgments. D d'erence 


0 

30 

10 

20 

10 

0 

0 

20 

20 

0-30 

30 

6 

30 

So 

20 

30 

30 

50 

40 

20 

20-50 

30 

12 

50 

50 

70 

60 

40 

70 

So 

50 

40-S0 

40 

iS 

30 

90 

90 

70 

So 

90 

90 

50 

50-90 

40 

24 

too 

100 

80 

90 

too 

100 

100 

So 

So-ioo 

20 . 4 \ 



(B) Re 

suits Arranged in 

Croups of 20 

Series. 


0 

20 

15 0 

20 

0-20 

20 

6 

55 

25 40 

30 

25“55 

30 

12 

30 

65 53 

65 

50-65 

15 

18 

60 

80 85 

70 

60-S5 

25 

24 

100 

85 too 

90 

85-100 

15 .A.V. 21 


(C) Results Arranged in 

Groups of 40 Scries. 


0 

17 


10 

10-17 

1 

6 

40 


35 

33-40 

5 

12 

57 


60 

57-60 

3 

IS 

70 


77 

70-77 

7 

24 

92 


95 

92-95 

3 Av. 5 

(D) Result of 80 Series. 

0 


14 




6 


37 




12 


59 




iS 


74 




24 


94 





The cases of inversion (4) are printed in italics. 


We notice that, as the size of the group increases, the range de- 
creases and the distribution of judgments grows increasingly con- 
stant : that is what we should expect. We notice aho. however. 
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that the 8 series of (A) are of the order of test-series. If we 
ascribe them hypothetically to 8 different subjects, we may fix the 
8-in-io limen of the last five as 2r, i8, 15, 12 and 24 mm. respectively 
( range 12-24) ; no limen can be calcrdated for the first three. Even, 
then, if the basis of the test is enlarged, and we take 50 judgments 
from every one of our supposed 8 subjects; and even if the basis is 
regularized, and we test all the subjects by the same stimuli ; even so. 
the limen shows a wide range and proves in certain cases to be in- 
determinable. It is plainly not enough, in this test, to secure eight 
out of ten right answers by a rapid procedure applied ■’ under the 
same conditions" to a number of unpractised subjects. For the 
conditions during such a test are only by chance the same for dif- 
ferent persons ; the probability is that they are diverse : and the repe- 
tition of the test on the same subject may change the original finding. 
From this point of view, also, IMcDougall's results are open to grave 
suspicion. 

It is fatally easy for the field-worker and the laboratory-worker 
to misunderstand each other. So I had better say at once, and em- 
phatically, that I do not want to see the refinements of the home- 
laboratory carried into the field. When Gabon suggested that "in 
testing the delicacy of the various senses . . . we should do wrong if 
we pursued the strict methods appropriate to psychophysical investi- 
gations,"^'^ I take him to have been heartily in the right. I criticize 
McDougall's combination-method on the formal ground that it is 
not a method, whetlier fine or coarse ; it is, so far as I can see, essen- 
tially the rough equivalent of a section or fragment of the method 
of constant stimuli; and as a mere fragment of a method it can lead 
us nowhere. We are fortunate in having the method of constant 
stimuli in the background, to give us numerical norms ; but we can- 
not use a piece of a method as if it were the whole. 

II. Color \'isiox 

I have chosen, a second example, Rivers's work upon color 
vision. This is a very painstaking bit of research, and its conclusion 

V' F. Gallon, "On the .A.ntliropometrical hahorztory,” etc., /oiini. Anthrop. 
hist., February. 1885, p. 4 of offprint. 
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is stated with becoming caution. The conclusion is " that the color 
vision of the Papuan is characterized by a certain degree of insensi- 
tiveness to blue ( and probably green > as compared with that of 
Europeans.”^' I do not think that the observations made warrant 
the inference drawn from them; and I therefore take up the cudgels 
on behalf of the Papuan. To avoid overmuch detail I confine my- 
self strictly to Rivers’ report; I deal with the major cpiestion of 
blue, and leave green out of account ; and I consider only the iibscr- 
vations taken on INIurray Island. 

The quantitative work was done with Lovibond's tintometer. 
■■ The essential part of the instrument consists of three series of col- 
ored glasses, red, yellow and blue, very delicately graded so that each 
forms a series by means of which one passes from a color so faint 
as to be indistinguishable from colorless glass up to a glass of a high 
degree of saturation."^- The results, stated in terms of the unit of 
the instrument, are as follows 

R. V. II. 

17 Murray Islanders. . . 17.6:= 7.66 26.5^971 6oo±i0.5 

18 Englishmen . 31-7=225 20.5iS.11 3f’4±i5*i3 

Rivers has excluded from his Murray averages the results found with 
one boy who probably suffered from “ a slight degree of photopho- 
bia. He includes in the English averages the results of four ob- 
servers who were exceptionally insensitive to red " and of two who 
were "insensitive to blue."-^ If we ourselves exclude these cases, 
we get the revised figures : 

Englishmen (14) 18.0 + 5,5 (18) 20.5 + 8.11 (16) 341 + 13.66 

The exclusion of the defective subjects brings the averages into 
closer accordance with Rivers’ theory ; and for that verv reason he 

R. 94 - 

'' R, "of. Various forms and uses of the tintometer are discussed bv 
J. W. Lnviliond, " Measurement of Light and Color Sensations,” 1893. I am 
not familiar with the instrument, and Lovibond’s description is, unfortunately, 
not always full. The yellow glasses “have a distinctly greenish tinge” and 
the red glasses are “ distinctly bluish” (R, 71, 74 f,), 

R, 72. 

R. 73 - 

“ R, 73 - 
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may have thought it fairer to leave them in. The Murray Islanders 
and the Englishmen now agree as regards red and yellow ; both the 
liminal values and their mean variations are of the same order; but 
thev differ markedly as regards blue. 

On this point I have two remarks to offer, (i) In experiments 
which I have made with Hering’s colored glasses, my observers 
have reported that it is difficult to determine the chromatic limen of 
R and B (I have had no such report for Y). because the faintly 
colored glass shows, at the moment of exposure, a flush or wave of 
color which immediately disappears through adaptation. It is pos- 
sible that the four English observers who were ■’ exceptionally in- 
sensitive to red ” failed to notice this momentary flush in the neigh- 
borhood of the limen, while the other Englishmen and the iMurray 
Islanders (whom we know to be keenly interested in red ) noticed it 
and placed the limen accordingly. The range of results for the 
IMurray Islanders is 40 to 5 ; the range for the 14 Englishmen is 40 
to 10; a remarkably close agreement. In the case of blue, it is pos- 
sible that the 16 English observers noticed the flush and reported it 
as color, while the IMurray Islanders (who are definitely uninterested 
in blue, since they have in their surroundings no blue object of rev- 
erence or utility) disregarded it. The range for the Murray Is- 
landers is 100 to 30, and that for the 16 Englishmen So to 15; the 
ranges are thus of the same order of magnitude, are very large, and 
show a wide overlap. My distinction, therefc^re, must not be pressed; 
the possibility is rather that the IMurray men tended to overlook the 
flush, the Englishmen to report it as blue. In the case of yellow 
(for which, as it happens, I have no report of the flush) the ranges 
are 50 to 10 for the Murray Islanders and 60 to 4 for the 18 English- 
men The agreement is less striking than for red, but is still fairly 
close. 

There is, then, a possibility that the difference in the case of blue 
may be due. in part at least, to regard or disregard of the supralim- 
inal flush of color to which I have called attention. I have mvself 
had student-observers who disregarded the flush, both of R and of 
B, because they thought the field should look colored during the 
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whole perioil ot observation."" There is, however, a seconT jx'issi- 
bility, to which I now turn. 

12 ) Geissler, working upon the chromatic linien with oil. .reil 
papers, found that increase of the general illumination markedly de- 
creased the limen of B, while it had no such marked effect upun ih.e 
limens of R and Y. I am not (juite sure of the figure' which slriul! 
be quoted for comparison; but it appears that. fc»r two oliservcrs. in- 
creased illumination uiatural daylight "several time' a' bright" U' 
the artificial daylight otherwise used) lowered the limen of B. in 
degrees of the color disc. 


and 


from 4.12 or 464 to i.Sj!, 
from 328 or 5.80 to 296. 


Whichever pair of larger figures we take, as a ba'i= of compari'on. 
" the striking fact is that the limen for blue in natural light was low- 
ered,"-^ I can parallel this result by observations .cn colored gla^^c' 
In 1890 I visited with iMr. 1 later Sir Francis') Gabon the anthropo- 
metrical laboratory which he had equipped at Scwuh Kensingtoi; : an. I 
among other things I worked awhile with Galt.'.n's " instrument for 
testing the perception of differences of tint.""^ iMy note^ tell me 
that the laboratory attendant and I " made a great hash " of our trials 
with blue, and that Galton remarked on the gloom of the labnratr.rv 
as unfavorable to color work. I cannot remember that we worked 

-- The tintometer limens for the four red-insensitives are 30, 70, So, 120 
Rivers thinks that the subjects with the two highest limens "had pr..i.ablv 
some degree of weakness of the red-green sense” (R, 73), an.l tluy niav 
belong to Nagel’s anomalous or atypical trichromates (\V, Nagel, "L'el.er 
typische und atypische Farbensinnsstorungen,” Zts. f. Swncsphysi-'l . XLllI, 
1908, 299!!,). The two blue-insensitives have limens of 30 and 60: other 
subjects, not characterized as insensitive to blue, give 43, f.n, 9 o, 80 Tl’ese 
high limens may be due simply to lack of practice: experience in the la!...- 
ratory shows that undergraduates are far more likely to give tb.e name " grav ” 
to a slightly bluish gray than to a red-gray or a yellow-gray of th.e same 
chroma; blue is undoubtedly like gray. These considerations mri.hfv mv 
argument in detail : they do not affect its principle. 

L. R. Geissler, ‘■Experiments on Color Saturation,” .Inter. J,>unt. 
Psych., XXIV., 1913, 177 f. 

F. Galton, “Exhibition of Instruments,” etc., Journ. Anthrnt hist 
-August. 1889, 27 f. 



E. E. TITCHEXER— ETHNOLOGICAL TESTS OF SENSATION. 219 


with glasses of other colors; perhaps we did; the thing that struck 
me, at any rate, was the difficulty of distinguishing blues in a darkish 
room. Recent work with Hering's colored glasses shows that a shift 
of the instrument employed, on a gray snowy day, from the window 
to the middle of a large, gray -painted room produces the following 
changes in liniinal values ( three observers ; method of limits ; conven* 
tional units j : 




Li;2ht. 



Dark. 



E 

V. 

R. 

B 

V. 

R. 

I. . 

36 0 

4S.5 

59-75 

68.5 

54*5 

83-5 

II. . 

26 75 

32 0 

45*75 

41-25 

42.5 

51,0 

III... 

42 2 

47.0 

43 0 

39 2 

68.6 

78,4 

I give no further details. 

since I attach 

little importance to the nu- 

merical 

values ; 

however 

carefully the 

work is 

done, it is 

full of 


errors. I notice only that B is the one color that suffers consistently 
in the dark, and that it suffers on the average much more than Y 
and about as much as R. The figures are: 


IxCRE.\SE OF LiMEN IN D.\RK. 


Obs. 

B. ' 

1 

1 

V. 

R. 

I 

3-*5 ! 


6.0 

- 3*75 

n ‘ 

14-5 


10. 0 

5*25 

III 

19-5 


21.6 

35-4 



.-Vverage 

22.1 


12.5 

21.5 

If, now, the tintometer 

in Torres Straits 

was set up in 

a room of 


“ the disused missionary house,” and in England in a well-lighted 
laboratory room — we are not informed as to the English conditions — 
then we may be pretty sure that the Murray Islanders were at a dis- 
advantage on the score of blue. That conclusion follows both from 
Geissler’s results and from my own. Such a disadvantage, whether 
acting alone or combined with a tendency to disregard the supra- 
liminal flush, might account for the difference in the average limens 
of IMurray men and Englishmen. It may be that the IMurray Island 
limen for Y (slightly higher than the English, despite its somewhat 
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closer range ) is due to the same difference of general illumination. 
We are then, it is true, left at loose ends in the matter of R. Here, 
if comparson is at all permissible, Geissler's results are iit agreement 
with Rivers’ ; my otvn are in disagreement. But we do not know 
whether the two R glasses were alike, -\bove all. 1 cannot tell 
whether the tintometer-series of colored glasses are so cijmbmed 
with grays as to show the same " brightnC'S " throughriut. or whether 
during an experiment they brighten with decrease of chroma; 1 can- 
not tell, either, whether the colorless field, with which the culored field 
is compared, itself varies with the "brightness " of the colored glasses 
or remains the same for all.-^ In my own experiment' " brightness 
varied with chroma, but the colored and colorless fields were of ap- 
proximately the same "brightness" in every observation. Here are 
possible differences of procedure that might affect the results. 

I said just now that we are not informed of the conditions under 
which the English tests were made. It is worth noting, however, 
that Rivers found excessively high limens " in testing Europeans in 
too strong a light."-’' Since too strong a light ( daylight ' could 
hardly be obtained save in a specially lighted laboratory room, it 
seems probable that my supposition as regards the placing of the 
tintometer is correct. 

All of these criticisms are offered, of course, with the greatest 
reserve; Rivers may be able to meet them point for point. Taking 
his report as it stands, I think they are sufficient to cast serious 
doubt upon the conclusion which he draws from the tintometer- 
results. The report, however, is incomplete ; we lack details of ex- 
perimental procedure and conditions ; and the English observers, who 

Lovibond speaks of neutral-tint glasses, standards, units ; he also has 
diffusive glasses, thin slips of ground gla.ss (o/'. cit., at, 31 ff., 48, loi f ). It 
would therefore seem possible to keep hue and “brightness” of the colored 
glasses constant while chroma varied, and to equalize the "brightness” of 
the colored and colorless fields. Rivers does not tell us whether this was 
done. In setting up the instrument for differentia! determinations, he found 
that the “difference in brightness” of the glasses rendered the results incon- 
clusive (R, 74). If brightness affected these results, must it not have affected 
the others? and if it was compensated in the other experiments, might it not 
have been compensated in these? 

R, 73 - 
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might have been thoroughly tested, are characterized only in round 
terms. The instrument employed may have been the best available; 
it embodies a vast deal of patient labor ; but it has not made its way 
into our laboratories, and it has not (so far as I know) received a 
thorough trial in any laboratory. We have no proof that it is ade- 
quate to a comparative testing of color vision. 

I pass to the vexed question of color nomenclature. On ^lurray 
Island ■' there was great definiteness and unanimity in the nomen- 
clature for red. rather less so for orange and r-ellow, less so for green, 
and very great indefiniteness for blue and violet."-' " In [Murray 
Island there is no proper native term used for blue. Some of the 
native^, especially the older men, use golcgolc, which means black 
[cuttle fish], but the great majority use a term [bitlubuln] borrowed 
from English and modified so as to resemble the other members of 
their color vocabulary [the color names are formed by reduplication 
from the names of various natural objects]. Another word, siiscri- 
suscri [rainbow], is used occasionally for blue and also for green, 
and in the absence of the borrowed word this might have been used 
more often."-® 

The absence of a word for blue, if the fact stood alone, is no 
argument against sensitivity to blue. For the savage names onlv 
what interests him. and we have seen that his interest is directed 
upon the interpretation of sensory stimuli. But there is in Murray 
Island no such sensory stimulus, no object of daily use or interest — 
no pigment, for instance — of a blue color. I think that Rivers 
would not dispute this position, if the fact stood alone. It is only 
because of other facts, and because the character and distribution 
of the other color-terms in the vocabulary arouse suspicion, that 
he would argue — always tentatively — from " defective color lan- 
guage ’ to " defective color sense." We must therefore get a con- 
spectus of the vocabulary at large. 

I have arranged the data for [Murray Island in the form ot a 
table.-® Above stand the names of the objects from which the color 

R. 54 f. 

R, 66 f. 

-3 From R, 53 ff. 
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names are derived. The color? are ind.icatcd h} il’.eir uii: aX i R. 
red; I, indigo; etc.'). A cajiital letter mean' that ta.e c l r '.'.a' 
Je.'ignated by the name of the object at the head of ;t' c ni t'.'.e 

majuritv of cases, or ( for A , I and \ i by con^iller;l'tlc y'i.n.y., ; t a- 

subjects; a small letter means that the cc.l. -r '.\a^ -'i ile'-c'mied. lc'> 
often, sometimes by a single subject. Rivers has. nnio-'tm.iatelv , 
not stated these results in numerical form. A — or — 'ign :ificr ;i 
letter means that the color name WU' modified by " big " .ar " b.ttle ' . 
thus, o — means that orange was called "little blocHi-l)' - ;" by ;i 
few subjects; p — means that purple was called "big lili >■ ''bhb . b; " 
by fas it happens) one man. 



R,R+,r- 

0,0— 0 O o 

V 1 Y y y y 

yg yg VG yg yg yg yg 

g- G g g g g 

bg — bg bg bg bg BG 

‘ bbbbbBb b 

i I I i 

V - V Y V Y 

P-. P+ j 



V 

p p p 


I have included in the table all but two of the color names em- 
ployed. BG was called “dirty yellow-ochre" as well as "little yel- 
low-ochre " ; I have not thought it worth while to make a separate 
column for this compound form. was called blood-white, if kakc- 
kakek means white ; I return to this case presently. 

Let us now look at the distribution of the color-names, taking the 
column of the table as unit. Then 

R has I name 

O has 4 names 

Y has 5 
YG has 7 
G has 6 
BG has 6 

B has 8 (or 7 if “blue” is excluded) 

I has 4 (or 3 if “blue” is excluded) 

V has 8 (or 9 if “blood-white” is included) 

P has 4 
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Rivers’ phrases are : 

'■ great definiteness and unanimity for R ’’ ( i name) 

'■ rather less so for O and Y ” (4 and 5 names) 

'• less so for G " (6 names) 

'■ very great indefiniteness for B and \ " (8 and 8 or 9 names) 

The rise from 5 to 8 thus changes a " rather less great definiteness 
and unanimity” to “very great indefiniteness.” Yet the B names 
group, clearly enough, with the YG, G and BG names. \Ye need, as 
I said above, the actual numbers of subjects who used particular 
terms : then we could weight the data of the table. 

Rivers’ further findings"'^ are as follows : 


White paper is called 
Deep black paper 
Dull black paper 

Gray (162° W+ 198° Bk) 3 i 

Gray (49°W + 3ii° Bk) 3 i 
Holmgren’s pale green test 
wool 

Yiolet test wool 
Brown wools are called 


KAKEKAKEK, tratrerj-urcr, lime. 

CUTTLE, BIG CUTTLE, kukikuki. 
CUTTLE. LITTLE CUTTLE, ashes-cuttle, 
ashes, gray clay, Xew Guinea earth, dirty, 
kakckakck, little kakckakck, ashes-kakckakek, 
ashes-^auercarcr, 
ashes, gray clay, cuttle. 

kakckakck, ashes, little turmeric, sasersazer, 
.roHi-flower, 

ashes, kakckakck, cazcrzazcr, little blood, 
cuttle, 

little blood, little turmeric, ashes, cuttle, dull, 
"according to their prevailing tone and 
shade.” 


Slightly saturated colors and 
dull black are called 
Color of native skin 
Dark colors 
Dark 

Bright, glittering 


dudu. 

cuttle. 

kuf’ikuf’c. 

kupcktipc, kukikuki, kakcrikakcri. 
zoromzorom. 


The cruces of the vocabulary are kakckakck and cuttle. Rivers 
translates kakckakck roundly by white ; he does not know the deriva- 
tion of the word.^- We find it applied to white paper, light grav 
paper, Holmgren's apple-green test wool, the violet test wool, and 
R, 54. 

We are not told whether these grays were mixed from the dull black 
or the deep black paper. 

3 = R, 49, 56 
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(in the form hlood-kakekakek) to violet paper. I -u-ceA that it 
is the equivalent, on the side of light, to dmln "ii the -iile m n.irk, 
that is, that it means " light and inconspicnonsly colored.. If I \ierc 
guessing at its derivation I should expect to find tnat th.e ohjeLt 
kakck is something of use and interest which ij not t;ukdi\ loumdi l.v 
reason of its lightish, faded or washed-out color, 1 he term " bloo.l- 
white for violet would then he practically the same a- th.e "little- 
blood " already entered in my table. 

Cuttle is applied to black paper, dark gray paper, brown wool, n.i- 
tive skin, blue paper, indigo paper, and violet paper am! te-t w 'ol 
Rivers translates the word by black: he iiittC' that the obier men imc 
it for blue, and remarks on the fact tliat " intelligent native- shraild 
regard it as perfectly natural to apply the same name to the brilliant 
blue of sky and sea which they give to the deepest black." * The 
thing is strange to us: but we must consider the native. In the fir-t 
place, we do not know whether the derivation of the wiard is present 
to the native's mind. Rivers thinks that " newborn cliild ccilor " 
may simply mean "light”:"'' I suppose that the specific reference to 
the skin-color of the newly born has dropped away. Cuttle-color, 
in the same way — especially since the word is an old one — may have 
a general and not a specific meaning. \Vhat, then, in the second 
place, may this meaning be? Rivers seems to derive it from the 
inky secretion of the animal. But the word gole means, not cuttle 
ink, but cuttlefish : and it is characteristic of these animals that they 
change color, chameleonwise, to suit the color of their surroundings.^' 
May it not be that the thought in the native's mind, when he uses 
the word golc, is can't find him,'’ “ can't see him ” ? ( The chief of 

Muralug called black by a word which another native translated a= 
“ No, can’t see him.”“^) And if this is the case, is it not natural 

33 The “violet test-wool” is apparently the relatively unsaturaterl violet 
that Rivers used in his experiments on color-matching ( R, 49). 

3 -* R, 55. 56, 66, 94. 

R, 55 ’ 56- 

33 R. Lydekker, “ The New Natural History,” VL, 327, The inky dis- 
charge of the cuttle fish is also regarded as a “defensive reaction”; and 
“cuttle ink” as well as “cuttle-fish” might suggest tlie thought “hard to 
find.” 

3 t R, 59. 
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that the adjective golegole should be applied to any large expanse 
within which no discriminable features can be made out? The dark 
of night, the skin of the body, the expanse of sea and sky. these 
are precisely the things to which a term meaning " uniform.” ” even.” 
" undifferentiated." is suitable. Then, of course, when the native 
is asked to characterize black, blue, brown, violet papers or wools, — 
a wholly novel task, — he gives them the name that he has ascribed 
to the color-expanses, the large even color-fields : he calls them all 
golegole. On this hypothesis, we may pair golegole with zvarozear,^^ 
just as we paired kakekakek with dudu; for zearozear is used of 
marked, patterned, particolored fields, as I have assumed golegole 
to be used of undifferentiated expanses. 

Guesswork! the objector will reply. Guesswork, no doubt : but a 
guess that is suggested directly by the reading of Rivers’ text. The 
Murray Islanders have, for instance — my table shows it — a color 
name derived from the secretion of the purple-yielding mollusc, and 
another derived from the name of the mollusc itself. The Western 
Tribe has, apparently, only one word, derived from the name of the 
mollusc : the same tribe has a term for dark brown derived from 
saiiigui, ink of cuttlefish, but no color name derived from the cuttle- 
fish itself. So far, then, as my data go, it is not fanciful to argue 
that gole, meaning cuttlefish, does not necessarily carry the meaning 
of inky black. 

Even, however, if this particular guess is wrong, the argument 
on behalf of the IMurray men is still not at an end. I see no reason 
why they should be interested in the " brilliant blue of sky and sea ” ; 
for the brilliant blue means fine weather and calm. One or two 
individuals of the Western Tribe called orange by a word meaning 
sunrise, and violet by a word meaning a cloud which is black on the 
one side and kiaiir [violet?] on the other; there is no reference to 
blue sky.^® The chief of Muralug called YG sea-color, G " like an- 
other kind of sea, another wind," and B " sea with another kind of 

R. 55 - 

23 R, 56, 60. 

« R, 61. 
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wind, plenty blow";’* tlie inference is jilain. I caniii a here take the 
sijace to anal} ze these other vocaliularie' ; I have c'.iu>en that ■ 'f Mur- 
ray Island as the most favorable to Rivers’ hypothesis of defective 
blue-vision. But I point out that the case against that Inpothc'i' 
does not stand and fall with my interpretation iti lioh-ijoh'. 

The subject of color nomenclature may be approached from an- 
other angle Xo one can read the IMurray Island terms without 
wondering what a group of civilized persons would make of colored 
papers, if they were required to give them the names of concrete 
objects. I thought it worth while to make an experiment on the 
matter. I cut two-inch squares from three of the Mdton Bradley 
series, the spectral colors, the tints Xo. i, and the shades Xo. i : 
54 colors in all. These were mixed in haphazard order, and were 
shown to 5 observers, two women and three men. The instruction 
ran: “You are to name these colors by first impression as soon as 
shown. Use no abstract color names. Init use always the name of 
some concrete object that the color suggests to you. You may also 
use the words, Dull, Dark, Bright, Light, if the stimuli impress you 
in that way, without seeking any specific color name." I included 
these four terms because the Murray Islanders used words of the 
same significance. The experiment went smoothly in a period of 
some 20 minutes ; the only modification of procedure was that, if an 
observer gave “ sky ” for blue, I called for a second concrete name. 
“ Sky," as I have shown, was foreign to the IMurray Island vocabu- 
lary. I subjoin the results for all colors in which blue was involved. 

I have italicized the terms Dull, Dark, Bright, Light. In the 
whole series of 270 namings, these words were used 64 times ( I ex- 
clude the cases in which Sky was changed to Light, though I regard 
these as significant). In the 120 cases of what we mav call the 
blue-range, quoted above, the words occur 43 times. The general 
percentage is thus 23.7, the percentage for the blue-range is 35.8. 
If we take simply the three blues ( GB, B. ^'B), the percentage is 
35.5 (or, if the "Sky-Lights’’ are included, 42.2). AVere then my 

■»i R, 59. These instances,” says Rivers, “ illustrate very well the liking 
of these people for similes.” They seem rather to show the direction of 
practical interest. 
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observers ‘‘insensitive to blue"? Xot a bit of it: their color-vision, 
by the regular laboratory tests, is normal. 


Tixxs X'o. I. 


()b^ 

Va'. 

Gib 

lb 

vb 

bV 

V , 

RV 

VR. 

I 11 i 

['hyj 

[sky] 

bright 

violet 

hyacinth 

violet 

light 

light 


lishl 

light 







2 (f I 

robin’i 

small 

[.ky] 

amethvst handker- 

ribbon 

a per- 

orchid 



girls 

skies 

ring 

chief 


fume 




[frocks] 

badly 


border 







painted 






3 im 1 

robin's 

water 

a dress 

light 

light 

a gown 

light 

violet 

4 Tm. 1 

faded 

[^kyl 

bk>] 

dull 

dull 

dull 

dull 

light 


grass 

bght 

light 






5 '.m.) 

robin’s 

robin's ; 

1 wagon 

dull 

dull 

hat- 

light 

violet 


egg 

egg 




ribbon 






Spectral Colors. 




I 

tur- 

bright 

bright 

ink 

violet 

violet 

Violet 

dark 


quoise 








(f ) 

china 

Japanese 

bright 

aniline 

poodle 

a smart 

a maga- 

books 



porcelain 


dye 


furniture 

zine 








shop 



3 (m.) 

grass 

water 

[sky] 

a dress 

a blacked 

peacock light, dull 

dark 




back- 


eve 







ground 









of 

! 








picture 

i 





4 ini.j 

light 

wall- 

[sky] 

1 bky] 

a dress 

dark 

dull 

photo- 



paper 

Japanese Japanese 




graphic 




stamp 

; stamp 




paper 

5 tm.) 

verdigris 

dull 

lake- 

I ink 

violet 

violet 

violet 

dull 




water 









Shades Xo. i. 




I O' ) 

dull 

dark 

a dress 

dark 

ink 

violet 

dark 

dark 

2 if.) 

•D 

Van- 

linen 

blotting 

marking 

-> 


Alice in 



tine’s 

hang- 

pad 

pencil 



Wonder- 



shop ■ 

mgs 





land 









[cover] 

3 on.) 

dark 

bluejay 

baseball 

dark 

necktie 

dull 

grape- 

grapes 


trees 






juice 


4 (m.) 

wall- 

dark 

dark 

dark 

sunset 

dull 

dark 

■> 


paper 

1 

1 






5 (ni.) 

curtains 

dull 

0 

dull 

dull 

violet 

dull 

dark 


The question-marks mean that no judgment was given in the sense of 
the instructions ; the observer said " thick like velvet," or “ pleasant,” or 
" ugly,” or '■ dignified," or " thought of color-theories ” 
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We cannot hope, of course, to invert this experiment ; we cannot 
expect, if we ask for names of R, Y, G and I' objects, t(i find a 
greater scattering in the B-list than in the others. For blue flowers, 
blue articles of dress, blue hangings and blue china and other house- 
hold gear are common enough ; and e.xperiment shows that blue sky 
and green grass are more often associated than are red and yelL i\v 
to any object of their color.’- Y'e live in a world where blue ha< it^ 
acknowledged place. The Murray Islander iloes nn: [V.ocid he 
knows, and red and yellow ochre, and turmeric, and the brilliant 
deep-green gall-bladder of the turtle — all of them object- ^ f the 
highest importance in the conduct of his life ; but blue lie has no 
dealings with. " Every detail of the behavior of the natives in 
connection with the naming of color was consistent with tlie idea." 
Rivers says, " that blue was to them a darker or a duller cclor than it 
is to us."*® I submit that their behavior is e<iually consistent with 
the idea that blue did not interest them. 

Xot much need be said of Rivers’ work on the matching of 
wools. '■ The natives," we are told. " understood what they were 
required to do very readily in most cases."** River- doe- not him- 
self inform us what this requirement was: but it was evidentlv the 
matching of wools for hue ('color toneu The lack of anv explicit 
statement to this effect is, I think, significant. We are so accus- 
tomed to classify colored objects by their hue, their "-color" proper, 
that the classification seems to us to be natural and normal. Th.e 
iMurray Islander, however, appear^ to classify by total impression : 
the rvools appeal to him by their combined hue, tint and chroma ; and 

■i- I asked the 19 students who happened to be in my laboratory at the 
time (8 women and il men) to write down the names of the first five R, Y. 
G and B objects that occurred to them The order was varied, so that any 
practice-effect miqht be roughly compensated. Green grass came 17 times 
blue sky 15 times, and red blood onh' 8 times, nut of the possible IQ. The 
B objects fell into the same rough groups as the others (person, personal 
adornment : clothing ; articles of personal use ; — house, household furniture ; 
—vegetation, flowers, fruit; beasts, birds, insects: — landscape and seascape), 

*-R, 94, I am glad to find myself, on this point, in -ubstantial accord 
with R. S. Woodworth (’‘The Puzzle of Color \'ocabularies," Psych. Pull. 
Vn.. 1910, 329 ff.). 

** R, 49 - 
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now one of these moments and now another may be the basis of his 
judgment. “ One could often hear a native sa3-ing kakekakek to 
himself as he picked up a colorless wool to place with the green," 
!. c.. with Holmgren’s apple-green test wool.^^ Rivers regards the 
“ natural tendenc\' to put together all the wools to which the same 
name was given ” as a fallacy of nomenclature.^® It looks rather 
as if the native varied the basis of his comparison from hue to tint 
and chroma. For "the same name" is not applied to different 
colors without a reason. 

The actual "matches" are as follows;'*' 


Test Wool Matched Wools 

Holm.sren’s red reds, saturated pinks. 

Bright green greens, often blue-greens, occasionally almost 

pure blues. 

Holmgren’s purple *' very readily matched by all. though the ma- 

jorit}' refused to take pink tvools if much 
less saturated.” 

Holmgren’s apple green “matched correctly by the majority.” often 

“ with bluish or violet wools of about the 
same saturation,” by 7 with " neutral wools 
with a faint pinkish tinge.” 

Yellow “ matched correctly by nearly all,” by 2 men 

and 5 children with reddish wools, by i 
man and 3 boys with blue wools. 

Blue matched by 27 (out of 107') "with violet as 

well as with blue or bluish green wools,” by 
I man with an almost colorless wool, by i 
man with a brown and with a yellow wool, 

Violet “ matched or compared by 12 with neutral 

wools and by 14 with distinctly reddish or 
pinkish wools,” by i boy with a brown wool, 
and by the chief (who called all kakc- 
kakik) with a B and a G wool of about the 
same saturation. 

The only facts that claim particular attention, after our foregoing 
study of the color vocabulary, are ( i ) the confusion of yellow with 

49 - 

■“'> R, 49 f., 93. Here is a chance for the obverse fallacy: m}- observer 
2 (f.) gives marking-pencil for BV Shade i and for Spectral OR, We hap- 
pen to know that examiners use differenth'-colored pencils ; but suppose that 
the vocabulary was strange to us, and that we found the same object called 
BV and OR ! 

■*' R, 50. 
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blue by a man and three boys; and (2i the confusion nf blue with 
yellow by one man. The boys are ruled out b> Rivers on the ground 
of carelessness; the men remain. Rivers, however, gives us the 
clue to their behavior; “the yellow test \\o,;l useil b_\ me \\a' a dull 
yellow," and blue is also regarded bv the native- as a dull color If 
the men muttered or thought akoSLtkds a> they m.atched or compare<l 
all is in order. IMy observer 5(111.) gives the name “ d.uH " to the 
■■ shades" of A’O, Y, GB and \'B. 

I said just now that we are accustonied to classify colored object- 
by their hue; the following experiment shows that we can cla-sifv 
them, without trouble, by other nieans. I showed the 125 wc.ols of 
the standard Holmgren set to niy colleagues Drs. Boring, Foster and 
Weld, with the following request ; “ Arrange these wor.ds into groups 
of similars, on the basis of first impression. Do not set out to judge 
by hue or tint or chroma; do not try to maintain any uniform basis 
of judgment; group the wools simply by the first impression the\ 
make upon you," I had recourse to highly experienced observers, 
because I thought that they would be. less biased in favor of hue 
than undergraduate or graduate students ; I thought also that they 
would be less afraid of making "foolish" matches. The result of 
the test is that Boring distinguishes 9 groups, Foster 18, Weld 4. 
Hue has a marked influence on choices; but Boring, who shows this 
influence most strongly, still throws together R, O, P, and in 
another group Y, G, BG, Y; Foster groups with the Holmgren test- 
purple R, G, BG, B, P and V wools ; and Weld groups with the 
same test wool R, O, Y, G, BG. P and wools. This is a single 
test, to be sure, and the same observers would probably have made 
different groups had it been repeated. The fact remains, neverthe- 
less, that if the prejudice in favor of hue is weakened or removed 
an expert observer will find likenesses of color-impression at least 
as wide-ranging as those of the Alurray people. 

It has not seemed necessary to enter in detail upon other tests 
than those conducted on IMurray Island ; and it does not seem neces- 
sary to discuss here the remaining tests of contrast, after-imao-es, 
etc. I find in them nothing to invalidate what has been said above 
R. 50 f., 55 f. 
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Let now 'Ce what can he urged on behalf of the blue-vision of 
tlie i'landers. 

I. W'itliin tlie periled caf a generation. " tbe great majority" of 
the iMurrav I'land;ers liave learned to use the modified English word 
huliibti'u for l)lue colors. In the tintometer experiment=. " owing 
tS' tlie fact that hii'iihu'ii bad become the general term for blue, there 
wa' no iiidefiniler.e'< in tbe naming c.f thi- ccilor " ; and in the work 
I m ccmtraat tlie subject' " were all in the habit of calling blue btiinbulii 
when talking to me ‘ This ready adoption of a foreign term seems 
to indicate that the natives could distingui'h blues when once their 
interest and attention had been directed toward them. 

3 . In testing Europeans with the tintsinieter. Rivers found that 
oftentimes "the subjective contrast coljr was seen when the objec- 
tive color failed to be recognized." On INIurray Island this phencan- 
enon was rare. " In many hundred observations, a color was only 
stated to be on the wrong side 15 times. Xo less than 6 of these 
occurred with a B glass when the opposite aperture was called baiii- 
bain [turmeric] : in one case tbe opposite aperture was called R. 
The aperture opposite the R glass was called biilubulu 4 times and 
gia^giaz [newborn child, light] once: opposite a Y glass. B was seen 
twice and R once. Some of these were no doubt accidental, but it 
is interesting that the instance which occurred most often was when 
the objective color was B. to which they seemed so insensitive."^'’ 
It is equally interesting that the Y glass gives a B contrast twice out 
of three times; and the contrast-R may be justified for a greenish 
yellow glass shown in poor illumination. IMoreover. the R glass was 
a carmine, and the complementary of carmine is BG. The report of 
biilubulu four times out of five (though gia^giac is itself an occa- 
sional word for blue') does not look like insensitivity. 

3. In the test of negative after-images “ R was most readily seen 
and B was doubtful."^’ But the stimuli were zigzags of colored 

R. vi.. 2. 66. 71. 80 f. 

R. 81. The anomalous reds (if both are anomalous) may be com- 
pared with the anomalous light violet or purple (for me the color is definitely 
a purple) which workers in my laboratory have found even under achromatic 
adaptation ; see L. )M. Day. " The Effect of Illumination on Peripheral 
Vision,” Amcr. Joiirn. Psych., XXIII.. 191a. 57.;; and cf. the anomalous 
peripheral pinks or purples of R, 78. 

-1 R. 82. 
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paper shown for lo to 20 sec. on a gray ground, or of gray paper on 
a colored ground: and in what illumination? The method fa\ors 
R: I can reproduce the results with observers of normal vi-ion 
There is nothing to show that the ?^Iurray men were not the victim> 
of circumstances; and Rivers does not report cijrrespL'inding te-ts of 
Europeans. 

4 Rivers lay^ no great >tres5 on his ob'crvatirms of color-pref- 
erence. ■■ Among saturated colors." however, ” R easily hail the tir't 
place, followed by B, while A' and G were distinctly les- favorcnl. 

. . . Ccmplementary colors were commonly worn togetlier, Y with 
B and G with R."^- The first of these fact' i' a little surpri'ing. in 
view of the jiractical importance of cellow and green;'- taken to- 
gether with the second, it may perhaps indicate that the native', once 
their attention has been called to color as such, have a normal appre- 
ciation of blue. 

Here, however, we are dealing with fairly large surfaces of 
color, surfaces that would be viewed in indirect as well as in direct 
vision. One of Rivers’ strongest points against the native is that, 
peripherally, “ the color blue was recognized readily, even more read- 
ily than other colors. The color of the patch used was saturated. '"■* 
but even so the results do not accord with those obtained in direct 
vision, so that the two sets of observations need to be reconciled. 
I have tried to show that the tests of direct vision are not convincing. 
It seems, also, that Rivers’ argument from the sensitivitv of the 

- R. 84. 

1 have said nothing of the supposed relative insensitiveness of the 
islanders to G. partly for reasons of space, partly because the position of B 
is the more important. H. E. Houston and \V. \V. Washburn ("On tlie 
Naming of Colors.” Amcr. Journ. Psych.. XVHL. 1907, 523) found no over- 
lap of B and Y or R and G. but a marked confusion of B with G and B 
with P. It is noteworthy that H. K. Wolfe ("On the Color-Vocabulary of 
Children.” University of Xebraska Studies. L, 1890. 23) finds no 'uch con- 
fusion of B and G. Many points of \\'olfe’s investiitation are of interest in 
connection with tlie Murray Island results. Thus " the pupils seem loth 
to confess their ignorance; four fifths of them attempted to name orange, 
and only one fifth knew what it was” (24); and the expressions "dark 
white” and “light dark” were used in good faith and with meaning (28). 

R. 79. If the tests were made in the order m which they are reported 
(cf. R, 49, 53, 70) the name biilubidu may have become standardized simply 
by the progress of the tests themselves. 
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peripheral retina proves too much. For if, b\' the aid of indirect 
vision, large expanses are better seen and more readily named than 
small patches of color, how is it that the brilliant blue stretches of 
sea and sky are still called golegole by subjects whose attention has 
been called to their color? And how is it that the blue of the rain- 
bow is called golcgolcp^ 

On behalf of the Papuan, then, let so much have been said. I am 
not in the least concerned, in the present paper, with his macular 
pigmentation : that is another story. I am concerned only with the 
adequacv of Rivers’ tests to various problems of sense-psychology. 
The tests appear to me to be inadequate. If Rivers can meet my ob- 
jections. he must at any rate go beyond the limits of his printed 
report, and I shall have done some service in bringing out further 
observations and further arguments. 

III. General Rem.\rks. 

\Miat. now, are the requirements of a field-test? It should set 
the subject a task which is both simple and definite; it should be 
capable of performance in a relatively short time and with apparatus 
that is strong, portable and relatively cheap ; it should be laid out so 
simply that its conduct is easily mastered and so definitely that there 
can be no variation in its procedure; and it should yield results 
that are directly relevant to the object of the test, are expressible in 
numbers and thus are intercomparable. These, in general terms, are 
the requirements ; how shall we go to work to meet them ? 

\\'e must realize, first of all. that the test is not a laboratory ex- 
periment : we must set ourselves at a certain remove from the 
laboratory ; and especially we must avoid misleading analogies drawn 
from laboratory technique. I have pointed out that IMcDougall offers 
his jesthesiometric method as a combination of the methods of mini- 
mal changes and right and wrong cases ; and I daresay that this 
title gives the method a sort of cachet in the minds of many readers ; 
it may have had a reassuring influence upon IMcDougall himself. 
Rivers makes, I think a like mistake in his introductorv discussion. 

"R. 69 f. The good observer who described t!ie rainl)ow from memory 
as red, white and black probably used the terms kaL’ckakek and i/olcgole. so 
that the description might be interpreted as red, faded-looking, blue. 
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■■ I believe," he writes, " that the smallness of the mean variation in 
most of the (juantitative investigations will convince tho^e acquainted 
with the procedure of experimental psychology of the trustworthi- 
ness of the observations, Ihit uliat is the procebiure of experi- 
mental p-ychology? A set of instructions, carefully formulated an 1 
intelligently grasped; an instrument of precision; a large munber of 
observations, made in accordance with a prescribed, nieth.od and 'iiiti- 
cient fer mathematical treatment; a variation of cornlition- to tb.row 
this or that aspect of the subject-matter into high relief ; experiments 
distributed regularly over months or years. Under such circum- 
stances, truly, the m, v. may be an index of steadine'S of attention 
or of general attitude. Not by any means necessarily umler other 
circumstances'. For a small m. v. may mean that the subject has 
over-simplified his instructions, and is performing an easier task 
than the task set him ; or that he has discovered some secondary 
criterion of judgment, some siiort cut to respoii'e. and is not perform- 
ing his allotted task at all. Or a small m. v. may mean that the unit 
of the instrument is too large, and that the performance of the task 
is thus artificially regularized. In these cases uniformity of result 
would spell laziness, or perverted ingenuity, or too gross a gradua- 
tion of stimuli ; in other and more extreme cases it might be due to 
fatigue or to motor habit. We cannot argue directly from labora- 
tory-experiment to field-test. 

Secondly, however, we must make full use of the laboratory. I 
suppose that most laboratories possess records of practice-work done 
by undergraduate students according to the schemata of the principal 
psychophysical methods ; I have quoted a record of this sort, a de- 
termination of the two-point limen by the method of constant stimuli. 
Such records are not worth publishing, but they are worth preserv- 
ing."' They furnish norms of the performance of comparatively un- 

R, 4- 

It IS important to preserve not only the numerical values of the limen 
and of the measure of precision but also the rough data of the whole experi- 
ment. If the students are supplied with two cross-section forms and a 
carbon paper the duplicate may easily be obtained. 

The rough data of the field-tests should also be accessible: all tlirough 
this paper I have felt the need of further detail. I should think that sales 
to laboratories could be assured beforehand, cnou.gh to cover the cost of 
mimeographing the complete records. 
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practised observers, and the\' thus provide a ready means of testing 
any abbreviated test-method that may be proposed. Is it enough to 
take lo observations of a kind, and has the 8-in-io lirnen any definite 
significance?^^ Is it enough to take 5 observations, and has a 4-in-5 
limen any value? These are questions not of pure but of applied 
mathematics : they can be answered only in the light of comparative 
data : and the control-data are ready to hand in the laboratories. It 
is useless to make tests in the field, and to repeat them later upon 
civilized subjects, until we know whether the test-procedures are 
themselves methodically reliable. So the laboratory may help on the 
score of method. It may also help in other ways : our discussion of 
the perceptive forms in aesthesiometry applies, imitatis mutandis, 
to more than one of the Torres Straits experiments. The analyses 
of the laboratory show what the tests are really doing, what psycho- 
logical level has been reached. The test of an optical illusion, for 
example, may tell us nothing of the relative magnitude of the illusion 
in the case of savage and civilized subjects, but may nevertheless 
bring out the psychologically important fact that savage and civilized 
approach the particular task set them in different ways, or come to 
it in different attitudes of mind. 

I am not inviting the field-worker to fall between two stools ; I 
am rather pleading for cooperation. The field-worker seeks to ob- 
tain psychological data which shall enable him to rank a primitive 
race in relation to the various strata of his own civilized community. 
He knows, in a rough way, what can be done with a primitive popu- 
lation : the home-staying psychologist does not. The laboratory- 
worker, on his side, knows that a good many of the tests commonlv 
employed are scientifically worthless ; yet he cannot be continually 
playing the critic. Is it not a clear case for cooperation ? So far as 
I know, we have to-day no approved testhesiometric test that can be 
carried into the field. Xo: but if we settled, plainly and positively, 
what it is that we want the test to tell us: and if the field-worker 
kept guard over complexity of technique and the laboratory-worker 
over sources of error : then a test would be forthcoming. 

.\s regards the sesthesiometric test I have answered this question in 
tile negative. My own first series with the apposed compass-points gives 
runs of 10 consecutive dual impressions with 8o per cent, correct jud'^'ments. 
Unfortunately the whole run was not lO but i6. 
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In conclusion I otter a tentative suggestion regards the gen- 
eral conduct of field-tests; it is always dangerous to be ptoitive, 
but I take the risk. There is, I unJorstanil. a pre-ent tendency 
among those interested in mental tests to break away from tests of 
the ■' all or none " type and to substitute for them a set C'f tests which 
permits of fractional grading. The "all or none" test', it is argiied, 
cannot be applied to a long series of subjects, wherea- test' wh.ich 
may be rated for part-performance have a practictdh un'.i'i'.itcl 
range of application, I suppose that both kinds of test w ill 'ne re- 
tained, each in what turns out to be its proper sph.ere ; and I am 
disposed to think that, for anthropological purposes, th.e " all 'Sr 
none" type should, at first and on the whole, be preferred. Every- 
one who has worked with Hering's instruments must liave been 
struck by the fact that they serve admirably for their one predestined 
experiment but that they can with great difficulty, if at all, be adapted 
to other uses. The demands of undergraduate teaching have led 
most of us, perhaps, consciously or unconsciously to favor instru- 
ments of a more flexible, more variously usable sort. A'et it may 
be that, for the primitive subject, tests of Hering's kind are. at 
least in the beginning, the more desirable. I wonder if a large 
number of testlets, each one sharply cut to a particular purpose, 
might not be better than tests which retiuire serial or repeated obser- 
vation ; and if the single-value result might not lend itself to mathe- 
matical treatment better than the somewhat arbitrarily chosen " rep- 
resentative " value of a test-series. 
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AXIO^IATICALLY FUXDAMEXTAL IX BOTAXY 


By william TRELEASE. 

(Read April 14, igi6.) 

A generation ago botany possessed in the popular mind the 
unenviable reputation of being a dictionary study because of the 
rather large vocabulary necessitated by precise organography, though 
its terms tvere mostly self-evident to one possessing knowledge of 
the proper or current meaning of Latin roots. The specialization in 
biology that the last quarter-century has brought about has revealed 
so many new facts and ideas calling for equal precision that its 
burden of verbiage has grown inordinately, largely through the 
coining of Greek derivatives from roots not always used with apt 
differential meaning, e. g., many words, of which I shall use several 
monotonously, in which the omnipresent “phyte’' and ‘'sperm” 
appear. This has grown, sometimes quite unnecessarily, to such a 
degree that a general biologist is likely to be puzzled by the language 
of a general treatise on either botany or zoology, while current pub- 
lications on the newer branches of botany may be all but meaning- 
less to a person familiar with the science at large, — sometimes, it 
must be confessed, when the essential ideas might have been con- 
veyed in language intelligible to people of unspecialized training, 
and entirely free from technicalities. 

Though I share the popular horror of pedantry or unnecessary 
technicality in expression, and would reduce rather than increase the 
vocabulary of specialization, it should not be understood that I fail 
to see that new knowledge and thought call for new expression, quite 
as much as new and varied tools became necessarv a= the rough 
construction of the stone age passed into the refined shaping of 
wood and metal that characterizes the age of steel ; and the purpose 
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of the present communication is to propo-e the tulduion of two 
ntore to the words of precision of our d;iy. lluth of the new 
term-; mat' be dispeii'ed with, it is true, as they htive Ijetn thu> 
far. if one be disposed to paraphrase snfticiently. or to avoid refer- 
ence to the well-known fact> that they expre^■' : hut the?e facts are 
jo fundamental to a correct under .'tamlin^ of plant morpholotty that 
the latter cour'C can sctircelv be looked on a> de-irable, while the 
former — as everv thinking teacher of the science has discovered — 
proves far from easy. One of them refers to the one-time division 
of the \'egetable Kingdom into Thallophytes and Cormophytes. now 
a <pie>tion of morphology rtither than of taxonomy ; the other, aho 
morphological, to the entitie> that compose the life cycle of one of 
the highest plant', whose alternating generations ttre usually spoken 
of as sporophyte and garnet opihyte ( or the non-sexual and the 
sexual generation). 

It is understood in a sense that the characters of genus, family 
and higher taxonomic groups are to be read into the characters of 
every species : but even novices know that this can be done only 
by reading into these group characters a number, sometimes large, 
of aberrations and exceptions; so that the popular idea of a 
thallophyte. with the body undifferentiated into stem and foliage, 
is not shaken by the occurrence of very stem-and-leaf-like algae, anv 
more than the popular idea of a cormophyte, with regularly disposed 
foliage on a supporting axis, is disturbed by seeing that a vegetating 
U'olffia possesses the simplest thallus configuration, though internally 
differentiated and in due season flowering like other cormophvtes. 
The real difficulty lies in the fact that a more important difference 
exists between thallophytes and cormophytes, so that when properly 
defined these groups include respectively plants with the bodv un- 
differentiated morphologically; and plants with the bodv differ- 
entiated into root and shoot, the latter usually further differentiated 
into stem and leaf. These characters at once mark the mosses and 
liverworts as being neither thallophytes nor cormophytes, for 
although they possess what may be called stem and leaf they lack a 
morphological root. This is intensified by the universally under- 
stood circumstance that it is the sexual or gametophytic generation 
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in the mossworts that possesses stem and leaf, the non-sexual or 
sporophvtic generation being undift'erentiated, so that no real homol- 
ogies are to be traced between the shoot of a mosswort and the 
shoot of a fernwort or seed plant. Hence it comes that careful 
botanists do not fall into the popular error of treating the moss- 
worts as cormophvtes because mouses and liverworts have what we 
usually speak of as stem and leaf, though the fact may be obscured, 
perhaps even when stated, that greater morphological reasons dictate 
the entire abandonment of the old and in a way convenient but now 
meaningless division of the Vegetable Kingdom into flowerless and 
flowering plants, in the former of which the heterogeneous as- 
semblage called thallophytes and the well-defined taxonomic groups 
bryophytes and pteridophytes stand as coordinated. Even though 
we abandon thallophyte and cormophyte as of serious taxonomic 
use just as the subdivision of the former into fungi, algae, and lichens 
is recognized as more suited to popular than to scientific diction, the 
essential fact remains that these two words, properly defined, stand 
for realities in morphology, which, supplemented by a comparable 
designation for the mossworts ( which now bear only the group 
name bryophytes, comparable with pteridophytes and anthophytes or 
spermatophytes), divide the Vegetable Kingdom into three main 
divisions: Thallophytes, with the body undifferentiated into 
morphological root, stem, and leaf ; Cormophytasters or pseudo- 
cormophytes, with difterentiation of the sexual generation into 
cormoid and phylloid. — the so-called stem and leaf : and Cor- 
MOPHYTES, with difterentiation of the non-sexual generation into 
root and shoot, and of the latter, usually, into true stem and leaf. 

Recognition that with these gross characters are associated 
numerous structural details {e. g., the absence of a specialized dif- 
ferentiation between sexual and non-sexual generation even in 
those thallophytes which by their nuclear behavior show an alterna- 
tion of generations ; the presence — as in many algre — of jivrenoids 
and of large chromoplasts in the sexual generation of the liver- 
wort Antlioccros, and of stomata — as in mosses and cormophytes — 
on its unusually evolved non-sexual generation ; the appearance of a 
rudimentary conducting strand in the non-sexual generation of this 
liverwort and of mosses; the universal development of stomata and 
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of vascular tissue in the cormophytes) indicates the 'icjniticance for 
phvloyenv and morpltology of the emphasis that is here laid on the 
cOi 'rdination of thallophyte, cormophyta'ier anil cornu >phyte in 
botanical terminology. 

The second term proposed refers to what i^ commonly ca.lled the 
cndosjierm of angiospermoU' plant', sometime' 'poken of as 'Cc- 
ondar\' en'lo'perm. \'ery probahly dc'Criirtivc hotani't' will con- 
tinue for a long time to speak of seeds as being albuminous or 
exalbuminotis according as they possess or lack a food-reserve in 
the seed, which is used by the embryo in the early stages of germina- 
tion. They have not been deterrei,! greatly by the difticuliy that 
sometimes exsits in determining quickly whether or not this reserve 
tissue is really absent or merely reduced to so thin a layer as to be 
overlooked — though they try to indicate this dilterence : nor. for 
practical reasons, by the now very old knowledge that the ambiguity 
of the word albumen might make the employment of endosperm and 
perisperm in its place jireferahle in descriptive botany. iMorpholo- 
gists. however, have adopted the latter terminolog}- of necessity, as 
indicating respectively food-reserve within or exterior to the embryo- 
sac or megalospore (^as. of course, the name substituted for the in- 
accurate '■ macrospore ” should have been coined ). — exalbumi- 
nous " Seeds being those in which what would have remained as 
“ albumen " has been used up during the maturing of the seed. 

Quite as great mischief has been wrought here as with the terms 
thallophyte and cormophyte. by indiscriminate ailoption of this 
betterment. Although the endosperm of a gymnosperin mav be 
homologised with the endosperm of an angiosperm on the apparent 
but inapplicable ground that both are transient tissues formed within 
the embryo-sac. it is well known to every botanist that the g^■mno- 
spennous endosperm — represented in angiosperms hv antipodal cells 
and synergids — is really homologous with the sexual gcitenuion of 
bryophytes and pteridophytes ; while the angio^pennous endosperm, 
or secondary endosperm, originates from the “ endosperm nucleus.” 
— after a process which can be called scarcely anything but fertiliza- 
tion except through an over refinement of definition. 

If no other considerations were involved, the simplest way might 
he to speak of the gymnospermous endosperm and its homologue in 
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angiosperms as prothallus, at once indicating its equivalence with 
the btructure known by this name in the higher cryptogams and 
facilitating remembrance of the close parallel between pteridophytes 
and spermatophytes in their alternation of generations ; and to con- 
tinue to speak of the angiospermous endosperm as “ albumen.” 
But quite apart from the undesirability of perpetuating the latter 
word except in the most general taxonomic usage, there is a deep- 
Iving morphological reason for giving a special designation to this 
“ endosperm ” of the highest plants. 

From the point among thallophytes where an alternation of gen- 
erations is first recognizable either in somatic or nuclear differentia- 
tion, that part of a life cycle which produces egg or sperm, or 
which has the haploid or as Lotsy has called it the .r chromosome 
number, is spoken of as the gametophyte or sexual generation ; and 
that part which produces neither egg nor sperm but begins with 
them, and which has the diploid or s.v chromosome number, is 
spoken of as the sporophyte or non-sexual generation. To be sure 
not all cells that are not haploid are diploid, for transient fusions of 
more than two nuclei are known, and the beginnings of the endo- 
sperm in a number of aberrant angiosperms start with a blended 
endosperm nucleus comprising several haploid nuclei ; but it is char- 
acteristic of the reserve tissue in question that its origin is not in a 
reduction of chromosomes giving a haploid tissue (as in the game- 
tophyte). or solely in a fusion of contiguous nuclei giving Ar (as 
usually in the sporophyte). or iix chromosomes (as in rare and ex- 
ceptional tissues and in aberrant angiospermous endosperm), but 
that it is a structure distinctly not forming a part of either gameto- 
phyte or sporophyte. Its origin is found in a union involving the 
Ar or exceptionally «.r ‘’endosperm-nucleus” (itself derived from 
a union of the polar nuclei of a typical eight-nucleated embryo-sac, 
or from the fusion of several nuclei when this number has been 
increased) , and a second nucleus of the pollen as yet indistinguish- 
able from its sperm companion which unites with the egg to form 
the embryo or initial of the sporophyte : and this union differs from 
fertilization in the usual sense only in that one of the combining 
nuclei has already fused with one or more others so as to have 
more than haploid chromosomes. 
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This unit in antii^'pcmU', neither ^-porripliyte nor ttanietophyte. 
gives a first nianifestatiun of crO"ing in ca^os where this can !)e 
recugnizeil in the forming .'Ced. c. y . when ^ugary atnl 'tarchy corn 
or kinds with colored and colorless endo.'pcnn :ire crO'Sed. where 
the phenomenon has been called aptly xenia. The traai.'ieni genera- 
tion itself, Imt not nece-'-arilv accompanving h.vhridity, contrasted 
morphologically with sporophyte and ganietO[)h_\ te though neither. 
m:iy be de^ignated with convenience a.nil proprietv .as the 

XEXIOPIIYTE. 

The ^igniticance of this overlooked generation, conhneil to the 
most recent and highest of all plant', tlie angiosperni'. not hinted at 
elsewhere in the \'egetable Kingdom, and originating from th.e 
gametophyte in as distinct specialization of gametoid initials as egg 
and sperm, is likely to claim serious attention as speculative reasons 
for evolutionary success and failure come more to the forcgrounrl. 
even though the xeniophyte appears to have reached its term with 
no more specialized development than the production of a sort of 
cambium zone and without having achieved the independence pos- 
sessed by gametophyte and sporophyte — to the latter of which in its 
most evolved form the xeniophyte now serves as transient host. 

The Uxiversity of Illixois. 



ox THE EFFECT OF CONTINUED ADMINISTRATION 
OE CERTAIN POISONS TO THE D0:MESTIC FOWL, 
WITH SPECIAL REFERENCE TO THE 
PROGENY/ 

By RAYMOND PEARL, 

I. The Problem. 

{Read April 13. 1^16.) 

One of the outstanding problems of genetics is that of the origin 
of new heritable variations. With the passage of time and the 
accumulation of exact experimental data it becomes increasingly 
clear that this factor is the basic one in all evolutionary change, 
whether progressive or retrogressive. Just now it is the fashion to 
speak of new heritable variations as mutations, but such designation 
does not appear either to make the facts concerned any different 
from what they were under an older terminology, nor does it 
essentially contribute to our knowledge about them. Indeed it is. 
so far as I can see. entirely fair to say that but little in the way of 
essential advance has been towards the solution of this problem 
since Darwin’s examination and analysis of it. The two leading 
students of variation since Darwin. Bateson and De /Ties, have to 
be sure, contributed greatly to our knowledge of certain aspects of 
the phenomena of variation ; notably, on the one hand, in the direc- 
tion of establishing a number of definite principles or laws of 
morphogenesis vdiich control or determine in large degree the 
somatic expression of germinal differences, and, on the other hand, 
in very precisely and minutely analyzing the genetic behavior of 
various heritable variations, after they have appeared. But it is the 
problem of the origin, the determination, the causes of those germinal 
differences which lie behind somatic variations, and indeed arc the 

^ -Mjstract of Paper Xo. 97 from the Biological Lahoratory of the Maine 
Agricultural Experiment Station. 


213 



244 


PEARL— EFFECT OF CERTAIN POISONS 


heritable variations, which appears to be the ba-ic problem of 
genetic,'. 

One inav expose ?y?tcmaticall_\ the .eenn-celL of an animal to 
something imu.'Ual or abnormal in the 'iirroumlmg cemdifon,'. and 
then analyze, so far as may be, not only the new heritable variati'tis 
theni'clves (provided any such appear), but .abo the factor' which 
underlie their causation. One i' the more encouraged to undertake 
experimentation in this direction, bectiii'e of the very iniere'iing 
results of such studie? which have been reported during the la-t feu 
years, particularly those of Stockard- and Cole,’ with mammal' and 
birds. In this connection mention should abo be ma<lc of the work 
of Sumner with mice, Kammcrer with lower vertelnaitc'. Tower 
with insects, and iMacDougal with plants. 

The problems with which this investigation deals are sjicciiicariy 
these : 

1. Does the continued administration of ethyl alcohol (or similar 
narcotic poisons') to the domestic fowl induce precise and sticciiic 
changes in the germinal material, such as to lead to new. heritaijle. 
somatic variations? 

2. Failing a specific effect is there a general effect upon the 
germinal material leading to general degeneracy of the progeny? 

3. ^\'hat in general are the effects upon the soma of the treated 
individual of the continued administration of such poisons? 

4. Are the somatic effects upon the treated individuals of a sort 
to give any clue as to the probable origin, or mechanism of the 
germinal changes? 

The present paper reports, in brief abstract, the results obtained 
from the beginning of the experiment in September, 1914, to Feb- 
ruary I. 1916. A complete report is now in process of puldication 
in another place. In that report the data will be presented in detail, 
with probable errors, etc. 

- Cf. for summary and bibliography of earlier papers Stockard, C. R . 
and Papanicolaou, G,, “A Further Analysis of the Hereditary Tran 'mission 
of Degeneract" and Deformities by the Descendants of Alcoholized Mam- 
mals," Amcr. Xaf., VoL L.. pp. 65-88 and 144-177, 1916. 

3 Cf. Cole, L. J., and Bachhuber, L. J, "The Effect of Lead on the Germ 
Cells of the (Male Rabbit and Fowl as Indicated by their Progeny,” Proc. 
Snc. £,r/’cr. Biol. Med . Vol. NIL, pp. 24-29, 1914. 
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II. [Material axd [Methods. 

General Plan. 

'J'hc g-i^ncral plan of this investigation involves r-onie features 
which have not been incorjtorated in earlier re'Carches in this general 
field. In the frst jilace, it was thought desirable to use izeo pure 
breed- of poultrv for the foundation stock in the experiments rather 
than one, and in consequence of thi^ make the offs-pring ot the 
treateil animals F, crossbreds rather than pure-bred birds. The 
primarv consideration in favor of this [ilan was that, by its adeiption. 
a much more manifold opportunity ^eemed likely to be given to test 
any putative influence of the poisons on the germ plasm. It should 
be pO'sible in an experiment of this sort to see whether in F. the 
usual conditions as to [Mendelian dominance are in any manner or 
degree disturbed by the administration of the poisons to the parents. 
Further, when the Fj individuals from treated parents are them- 
selves bred there will be an opportunity to apply the most delicate 
of all genetic tests for the composition of the germ plasm, namely 
the test of segregation in F_. and succeeding generations. 

In the investigation here reported the foundation stock used came 
from pedigreed strains of two breeds, Black Hamburgs and Barred 
Plymouth Rocks. Both of the strains used have been so long jiedi- 
gree bred by the writer, and used in such a variety of Mendelian 
experiments, that they may lie regarded as reagent strains.” whose 
genetic behavior under ordinary circumstances may be predicted 
with a degree of probability amounting practically to complete cer- 
tainty. Furthermore the results of cro-sing these two breeds recip- 
riically have been thoroughlv studied by the ivriter. 

Substances Used and Mode of Administration. 

In the present investigation three different serie- of birds were 
started. To the birds in one series was administered 95 per cent, 
ethyl alcohol. To those in the second series was administered 
methyl alcohol, and to those in the third series, ether. 

The method followed in these experiments for the administration 
of the poisons was essentially that which has been used bv Stockard, 
namelv the method of inhalation. 
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In the present experiments inhalation tanks of two ililtereiit -izrs 
have been used. They are es>entially -quare bn.xc' of eaUaiiizcd 
iron, having at the top a round opening whieli >erves a' :i nieaii' of 
entrance and exit for the bird. Thi' opening i' tighth closed 'oy 
a cover during an e.xperiniental treatment. Be!c.\s the bottotti of 
the tank is a c}dindrical reagent chamber clO'ed by a tight fitting 
cover front below. In this projection below the floor of the tank 
proj.er is placed absorbent cotton -aturate<l with the parf’cular re- 
agent used. Over the tojt of the retigent chamber !- placed a gitcc 
of heavv galvanized wire gauze of abe.ut half-inch, nie-h tvhxh 
serves to complete the floor of the inhalation comptirtment proper, 
without obstructing the dififusion of the fumes from the reagent 
chamber. 

Regarding the mode of administration of the pcToit' used it wa- 
found early in the work to be undesirable to depend entirely npnn 
the evaporation of the reagent from cotton in the chamber at the 
bottom of the tank. Thi- proce-s took altogether too long a f'me 
to saturate the air of the tank with the vapor. Practicallv from 
the beginning we have ti-ed a combinatirm of this ntethod plus a pre- 
liminary saturating of the air with the vapor of the substance used 
by means of an atomizer. The routine procedure is this ; there is 
placed in the reagent chamber at the bottom of the tank a piece of 
absorbent cotton soaked with the reagent to be u-ed. ethyl or methyl 
alcohol or ether, as the case may be. Then the operator quickly but 
thoroughly fills the whole of the tank proper by means of an 
atomizer with a saturated vapor of the same substance. The birds 
to be treatetl are then introduced quickly, allowing as little as po-sihle 
of the vapor to escape in the process. When the birds have liewi 
introduced the cover of the tank is tightly closed and left in that 
condition for one hour. It is to be understood throughout thi- 
paper that every bird de.signated as a “treated bird" has spent one 
hour every day in one of these tanks subjected to the fumes of the 
reagent sitecified in the particular ca=e. 

The number of treated birds used in the experiment- to the date 
covered in this rcjtort is iq. The number of untreated ce)ntrol 
brothers and sisters is 58 . 
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III. Result?. 


.4. In the Treated Indkldiials. 

llefore entering upon any di^cii.-^sion of the effect of tlie alcohol 
treatment on the progeny it seems desirable to examine with some 
care into the eftects, both structural and physiological, upon the 
treated individuals them.-elves. In this examination attention will 
be confined to characters which are capable of quantitative definition 
and measurement. The main results are summarized in Table I. 

T-\BLE I. 

Showixc, IX SuMM,\RV Form the Effect of Coxtixued Apmixistr.vtiox of 
Alcohol (Ethyl and Methyl) .\xd Ether, by the Ixhalatiox 
Method, upox the Treated Ixdividvals Themseltcs. 


Treated In- Untreated Result 

Cnaracter or Quality Studied, dividuaU. Controls. on AiCo- 

holist.s. 


1. Mean number per bird of consecutive days of 

treatment 344-- o 

2. Net percentage mortality (.to Feb. i, 1916) ex- 

clusive of birds accidentally killed . ... 0 41.0 

3. Mean body weight of females (in gms ). .. 3266 2953 

4. Mean egg production per bird, 14 months . . . . 183.97 iSo.So 

5. General activity . Reduced Xormal 

6 . Sexual activity .... . . Reduced Xormal 


The plan of this table is as follows; In the last column of the 
table a plus sign denotes that, with reference to the particular charac- 
ter discussed, the alcoholists have been favorably affected; a minus 
sign that they have been unfavorably affected as compared with 
untreated controls. .A zero indicates that no effect of the treatment, 
one way or the other, has been detected. 

From these summarized data it is possible to gain a tolerablv clear 
comprehension of the objective happenings in these experiments so 
far. The treated animals themselves are not consl'icuoiislx worse 
or better than their untreated control sisters or brothers. The sur- 
vivors, i. e., those not killed by accident, are after roughlv a year 
and a half of daily treatment, becoming a bit too fat for their best 
physiological economy, but except for that point, and the reduced 
activity which goes with it, they are very much like normal fowls. 
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Their apparently much better mortality record i> iiiik-ed conspicuous, 
but in view of the small number'^ involved, ’to preat 'ip-nificance 
can be attached to it. It i,- probable that with larp’cr number' of 
birds as the experiments proceed this apparent >uperioril\- in rebn 
tive mortality will disappear or be much reduced. 

Regarding egg production the following detail' are rif inti, rest; 

The egg production of tlie treated birds and tlte untreateil con- 
trols was entirely normal in respect of its 'ea'onal di'tributii n, as 
well as in regard to its amount. 

There has been no significant difference in tb.e eeg pro luction of 
the treated birds and their untreated control 'i'ter'. cither in the 
total average number of eggs produced per bird, or in the 'casonal 
distribution of this production. Taking the whole untreated d e'k. 
the mean production per bird in the 15 months was 184.74 egg^, while 
the mean production for the treated birds was 183.07. makir.g a dif- 
ference of 0.77 egg in favor of the untreated. Taking the ’’ special 
control” mean of 1S0.80 eggs there is a difference between this and 
the treated of 3.17 eggs in favor of the treated. r)bviouslv the 'nly 
conclusion wltich can be drawn from these insignificant differences 
is that the inhalation treatment has not aft’ectcd the egg pividmc- 
tion of the birds, either favorably or adversely. 

During the months of July. 1915, to October, 1915. inclusive the 
mean production of the treated birds fell below that of the cc'ntrol 
sisters. The diff'erence between the two curves in this region, how- 
ever. is no greater than may at any time occur between two similarly 
managed groups of sisters, according to the writer’s experience with 
egg records. There appears to be no reason to attach anv signifi- 
cance to this dip of the treated below the control curve. Taking the 
whole period covered by the report it is clear that the two curve- 
wind about one another, now one, now the other being uppermost, 
just as curves for two random samples of the same material would 
be expected to do. 

B. Ill the Fj Progeny of Treated Indiiiduals. 

In this section of the paper it is proposed to discus^ the effects, 
so far as any are observable, of the alcoholization of one or both of 
the parents upon the progeny in the first generation. Different 
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characters of the progeny will be considered, and as before primary 
attention will be given to such characters as admit of quantitative 
expression. 

1. Plan of Matings in lOi^. — The alcoholized birds and the un- 
treated controls were mated early in February, 1915. Eggs were 
saved for incubation from these matings from about February 15. 

The general plan of the matings in 1915 was to breed a treated 
male of each of the three classes, ethyl, methyl and ether, with (a ) 
untreated control females, and (l>) with treated females of his own 
class (;. e., ethyl c? X ethyl $. methyl X methyl 5 , ether X ether 
9 ). In addition to these matings an untreated control male was 
mated with (a) untreated control females, (b) ethyl females. ( c) 
methyl females, and ( d) ether females. 

All of the matings were of the type Black Hamburg X Barred 
Plymouth Rock 9 . There were produced 234 chicks from matings 
wherein one or both parents were treated. 

2. Germinal Dosage Index. — In the present investigation the fol- 
lowing reasoning has been used in devising a numerical expression 
of the dosage, so far as concerns the progeny. Two germ cells, a 
sperm and an ovum, unite to form the zygote of each progeny indi- 
vidual. It is proposed to designate as the “ total germ dosage index ’’ 
the total number of days during which the two gametes making the 
offspring zygote have been exposed to alcoholic influence while so- 
journing in the body of the treated individuals. Such a germ dosage 
index could, of course, be calculated for each individual progeny 
chick born. It seems, however, more desirable for present purposes 
to combine the figures for each mating, and take the sum of the 
number of days from the beginning of treatment of the male parent 
to the average date of hatching of the progeny, plus the number of 
days from the beginning of treatment of the female parent to the 
average date of hatching of the progenv as the germ dosage index 
for that mating. This can be expressed in a formula as follows : 

Total germ dosage index in da\s=( Mi, — — A 9 ) 

where 

Ml, =l\Iean date of hatching of progeny. 

.d(;f = Date when treatment of parent began. 

XJ = Date when treatment of 5 parent began. 
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The total germ dosage index for the I'j progeny in the^e experi- 
ments ranges freuii 130 da\s to 334 da_\ ^ with the matings for the 
different sub'tanee> iiseil well >cattered u\er the range. 

3. The Fertuity and Ilatchimj (Jiiality of the F.i/ys fpont .-llioliol- 
iced PiVeiits. — (.hie of the surest and mo>t ilelicate indicator> of con- 
stitutional vigor and vitality in poultry which lui' _\ et been di.'C 'Vered 
is the hatching quality of the eggs, .\nything w inch upset.- the gen- 
eral metabolic balance i^lpair:^ the vitality of either ptirtner in a 
mating will show its effect in a diminished hatching power of the 
eggs fr' ini that mating. In view of these facts an e.xanunation of 
the data relative to this character in these alcoholic matings becemes 
of especial interest. A summarized statement of the effects e'U tile 
progeitv is given in Table II. 

TABLE 11 . 


ShOWIXU IX SUMM.\RY FuRM THE EfFECT OF CoXTI.XCED .Al'M 1 XI Si R,\: 1 nx i,r 
-Alcohol (Ethyl .\xd Methyl i .\.xd Ether, by the LxH.\L.tTi(i.v 
Method, vrox the Procexv. 





.n? 


Nci Kcnu t 

nn A ' cih'?, 

S:i:l.i:C. Tre.»tcd sTd' I'rc.ito: efs' 

X '-'n- X, 

treatto 9 5 ircatcd 9 

A.i '1 rcatcu 
I’areno 

I’r'-t.'.te i 
C' .ntrijls 

I. Mean serm dosage index 

137 s 

299.0 

^10 35 

0 


2. Percentage oi infertile e.ggs 
[i. (■, eggs in which no 
zvgote was formed).. 

23-2 

39-2 

41.7 

25-3 


3 ^. Percentage of embr>'o 5 dy- 
ing m shell 

36.6 

26.9 

33 3 

42.2 


35. Percentage of fertile eggs 

0. f., zygotes) which 
hatched . .... 1 

63 0 

72-3 

66 7 

57 S 

_ 

4. Percentage of all eggs which, 
hatched ! 

47-1 

29.4 

3S.6 

44.4 

— 

5. Percentage mortality under 

i 180 davs of age 

21. 1 

10.6 

17 6 

36 9 


6. Percentage mortality over 
= 180 davs of age 

5-9 

13 6 

3 

15-3 

-f 

7. Sex ratio: percent, ccep.. 

48,9 

; 45-5 

47-7 

50.0 

0 

8. Vlean hatching weight per 
‘ - bird, males ; 

34 91 

1 36-97 

— 

34 24 

— 

9. Mean hatching weight per. 
bird, females 

35-04 

! 37-17 

— 

34 73 

4 - 

10. Mean adult weight perbini. 
males 

2,669 

2,815 

— 

2.39-? 

4 - 

II. Mean aflult weight per bird, 

< femnles 

2,020 

j 

2,063 

— 

1 .028 

_L 

12. Percentage of weak or de- 
formed chicks 

0.7 

! 0 

0.4 

I 0 


13. Abnormalities of llendelian 
inheritance 

0 

i 

0 

0 

n 

0 



ON THE DOMESTIC FOWL. 


251 


Summarizing the general features of the above results regarding 
production of offspring by alcoholized parents it may be said that 
the average percentage fertility of eggs is diminished and the average 
hatching power of the fertile eggs is increased after alcoholization of 
the parents. The reduction in average fertility of the eggs is due 
chieflv to the effect on the germ cells of the males and females, whose 
sexual activity is in general somewhat diminished by the treatment. 
Also alcoholized females are not as attractive to the males as untreated 
and hence are discriminated against in the matings, and furthermore 
probablv the oviduct of the treated female dees not furnish quite so 
favorable an environment for sperm as the oviduct of untreated 
females. The net result is that alcoholized parents produce on the 
average fewer offspring per mating unit than do normal, untreated 
parents under conditions otherwise similar. 

4. Mortality of Chicks. — ^-According to the results of earlier 

work in this general field it would be expected that there would be 
a decidedly higher rate of mortality among the offspring of the 
alcoholized parents than the normal. 

Taking all the evidence of the present experiments into account, 
it admits of no doubt that the probability that a chick on the iMaine 
Station's poultry range in 1915 would survive to maturity was not 
diminished, but, on the contrary, was in general substantially in- 
creased, if that chick’s parents had both been subjected to a daily 
dosage of alcohol for from four to seven months before it was 
hatched. Since the chicks from treated parents were indiscrim- 
inately mixed with those from normal parents in housing, yarding, 
feeding, watering, etc., the fact that the former sort of chicks 
showed a lower mortality than the latter sort cannot be attributed to 
differential treatment after hatching. 

5. The Se.r Ratio in the Progeny of Alcoholized Parents and 
Normal Parents of the Same Breeds. — It has been claimed at various 
times and by various persons that the general metabolic condition of 
the parents at the time of conception is a factor in sex determination, 
or at least has an influence on the sex ratio. 

The figures give no ground for asserting that the relative pro- 
portions of the sexes produced are significantly different in the alco- 
holic and normal control series. If the treatment has had an in- 
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fluence on this character it has been so slight as not to be staii'tically 
discernible in samples of the size here dealt with. 

6. Hiitchiiu/ Weight of Proiu-ny. — bi the present scrie- oi 

experiments there is no significant difterence in mean h.atclnng weight 
between the ettspring of treated males and the oti'spring nf nurmnl 
untreated control males when both are mated to normal mr.reated 
females. The slight differences which do appear are of the same 
order of magnitude as their jirobable erreu's. 

Roth the male and the female oftTpring of matings in which 
both parents were treated have a larger mean hatching weight 
( 1. c.. are heavier when hatched i than the offspring of either c m- 
pletely normal control matings, or of matings in which the father 
only is treated. The differences here are relatively large and are 
statistically significant in comparison with their probable erro rs. 

7. Grozeth of the f , Progeny. — I.irowth. as measured bv increase 
in body weight, is universally recognized by physiologists and bv 
practical animal Imsbandmen as one of the ntost valuable indices 
innate constitutional vigcT and vitality which it is possible to rbtain. 
On this account it was thought to be ci first-class importance to 
study the growth of the offspring from alcoholized as comparcl with 
untreated parents. 

The offspring of alcoholized parents, whatever the nature of the 
mating, showed a higher mean adult body weight than i ff'spring of 
untreated parents of the same breeds mated in the same way. This 
is true of both sexes. 

In the case of the male chickens there was no substantial difi'er- 
ence in the rate of grcnvth in the three lots until after an age of 
about too days was passed. From that point on the male oft-pring 
of treated J'd' X untreated and treated 5 ^ grew at a mere rapid rate 
than the controls. The differences in mean body weight for a given 
age became increasingly large as the age advanced. At 200 davs 
of age we have by interpolation on the curve' th.e follow imr -ct 
of comparative mean body weights. 

Comparative Mean Body Wek.hts .at 200 Days of .Loe. 

.Alooiutc Wi:i...ht Re, at \e We,g ,t. 


Males c.r untreated cfd' X untreated 5 $ 2,392.32 gm. 100 

Males c.r treated c?c? X untreated 5 $ 2,668.97 gm. 112 

Males t’.r treated eJe? X treated 2,81^2; gm it8 
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In the case of the female chickens there was no substantial dif- 
ference in the rate of growth in the three lots until after an age of 
about 150 days was passed. During the next 25 days the controls 
grew faster than the chicks from treated parents. At and after 200 
days of age. however, the offspring of treated parents ( one and 
both) showed a higher mean body weight than the controls. We 
have the following set of comparative mean body weights at 250 davs 
of age, obtained by interpolation on the curves. 

CoMr.\R.\TivE Me.ax Body Weights at 250 D.yys of Age. 

Absolute Weight. Relative Weight. 

Females cx untreated cfcf X untreated $2 1.927.72 gm. 100 

Females c.r treated (^c? X untreated 2 $ 2.02038 gm. 105 

Females c.r treated cfc? X treated 2 ? 2.062.98 gm. 107 

At all ages in the case of the male chicks, and in all ages but two 
(12.5 and 19.5 days) in the case of the female chicks, the mean body 
weight of the offspring having both parents alcoholic was higher than 
that of the offspring having one parent only, the father, alcoholic. 
The differences are, for the most part, insignificant in comparison 
with their probable errors, but the uniformity with which the " both 
parents treated " curves maintain their superiority over the " father 
only treated " curves is noteworthy, and significant. 

There are no distinctive differences in relative variability between 
the three different lots of chick'. In general the relative variability 
tends to diminish after an age of about 30 days is past. 

The evidence derived from a study of the growth of the chickens 
in this experiment lends no support to the view that parental alcohol- 
ism necessarily reduces the vitality of the offspring or induces degen- 
eracy. On the contrary the data plainly indicate that the offspring 
of alcoholized parents are in some degree su]ierior in vigor and 
vitality to those from untreated parents. 

8. Deformities in the F, Progeny . — One of the most striking 
features of Stockard's results on the alcoholization of guinea pigs 
is that a considerable percentage of the progeny of treated parents 
exhibit gross malformations of various organs, particularly the 
eyes. In the present experiments with poultry, nothing of this sort 
has made its appearance. The proportion of such abnormal chicks 
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produced in the breeding season of 1915 from alcoholized parents 
was no greater than the number produced from untreated parents. 
In actual fact there was exactly ouc chicken out of 234 hatched from 
alcohnhzed parents in 1915 that was too weak to band, and was in 
consequence killed at the time of hatching. Xone was deformed. 
Out of 1,527 chicks from untreated parents. 16, (sr i.o per cent., 
were weak or deformed or both. 


Discussion' of Results. 

\\'e have seen that out of 12 different characters for ichich zee 
haze exact qiiautitatifc data, the offspring of treated parents taken 
as a group are superior to the offspring of untreated parents in 8 
characters. The offspring of untreated parents are superior to those 
of the alcoholists in respect of but two characters, and these are 
characters which are quite highly correlated with each other and 
really should be counted as but a single character. Finally with 
respect to two character groups there is no difference between the al- 
coholists and the non-alcoholists. The character groups wdiich have 
been dealt with in this study, and for which definite quantitatii'c 
data are herein presented, seem to cover a much wider range of 
physiological and genetic factors and phenomena than has ever been 
included or even approached in any previous study regarding the 
eff’ects of parental alcoholism upon the progeny. They have the 
further advantage of being characters which are measurable (either 
statistically or otherwise) and on that account greatly reduce, if 
they do not entirely eliminate, the possibility of personal bias or 
prejudice influencing the results. 

The mutual accordance of the results from characters involving 

o 

such a manifold range of physiological factors is striking. This 
fact in considerable degree offsets the fact that as yet our series of 
experimental animals is statistically small, leading to such large 
probable errors that the individual differences are not in everv case 
significant in comparison with their probable errors. The experi- 
ments are of course being continued and expanded, and concurrently 
the probable errors of differences are being reduced. If results in 
the same sense as the present ones continue to appear ( as seems to 
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be the case) they are bound presently to become very convincing to 
such persons as are not prevented by prejudice from accepting or 
appreciating scientific evidence on the problem of the effect of paren- 
tal alcoholism upon the progeny. 

We may evaluate our results in general terms as follows: 

1. There is no evidence that specific germinal changes have been 
induced by the alcoholic treatment, at least in those germ cells which 
produced zygotes. 

2. There is no evidence that the germ cells zi’hicJi produced 
zwgotes have in any respect been injured or deleteriously affected. 

3. The results with poultry are in apparent contradiction to the 
results of Stockard, Cole and others with mammals. I believe, for 
reasons which will presently appear, that this contradiction is only 
apparent and not real, paradoxical as such a statement may appear. 

4. The results with poultry are in a number of important respects 
in essentially complete agreement with those of Elderton and Pear- 
son* on parental alcoholism in man, and of Xice^ in mice. 

The interpretation of these results which seems to account best 
for all the facts is that the apparent discrepancy between the avian 
and mammalian results is fundamentally due to a difference in 
degree of resistance of the germ cells to alcohol. On this basis it is 
possible. I believe, to frame an hypothesis which will bring together 
in a satisfactory manner under one point of view the apparently 
discrepant results of Stockard. Pearson, Nice and the writer. 

At the outstart let us remind ourselves of a point which one is 
apt to overlook in considering results of this sort, namely that the 
germ cells which produce the zygotes, which are the progeny of our 
experiments, are only a very minute fraction of all the germ cells 
which the parents produce. Let A' be the total number of germ 
cells (ova or spermatozoa ) which the individual produces, and let a 
be the number which succeed in taking part in the formation of 

Elderton, E. M., and Pearson. K,, "A First Studr’ of the Influence of 
Parental -A.lcoholism on the Physique and Ability of the Offspring," Eugenics 
Lab. Mem., X., pp. 1-46, 1910. (Second edition.) 

° Xice. L. B.. " Comparative Studies on the Effects of Alcohol. Xicotine, 
Tobacco Smoke, and Caffeine on M'hite Mice. 1 . Effects on Reproduction 
and Growth.” Jour. E.xpcr. Zool., Vol. 12. pp. 133-152. 1912. 
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a zygote, and let A be the number which do nut so succeed. Then, 
of course. A —X — a, or put the other way about. 

X = A+a. 

TIrA is the fundamental gtuuetic eijuation W’e know that A is 
enorniouslv greater than a. There is furthermore a great deal of 
evidence t'.iat a is not a ran.lom sample ■ f A', hut on the c ontrary i; a 
highlv selected sample. To Ivuix in hi- " Kampf iler Th.ei'.e " i' to 
be given the credit ior hr^t p>'inting out what now 'Cein- axiomatic, 
that there is constantle gc'ing on a 'truggle for sur\ival aniing the 
cells of the organism, the iihysiologically " bc't " heii’g the sinwivors. 
To tlie philosophical breeder of animals nothing jeeiii' more cer- 
tainly established than that this process of -election i? con-tantly 
going on and is of very >pecial impccrtance among the germ cells. 
Direct and convincing oh-ert atic'Ual and experimental proof of it 
ha? been given by the double nuiting exp'eriments which Cole and 
Davis and Cole and Bachhuber have carried out. 

Granting the existence of variation in the vigor or resisting 
power of germ cells we have the necessary basis for the action of a 
selective agent. The hypothesis which we wish to suggest is that 
alcohtl acts as such a selective agent upon the germ cells of alco- 
holized animals. The essential points in such an hypothesis may be 
put in the following way. 

1. Assume the rclathc vigor, or re-isting power of germ cells 
varies or grades continuously from a low degree, sav i, to a high 
degree, say to. and further assume tliat the absolute vigor of the 
whole population of germ cells, measured by the mean let us sav, 
is different for different species. 

2. In the intensity of dosage employed in inhalation experiments 
alcohol does not destroy or functionally inactivate all germ cells. 
The proportionate number of the whole population of germ cell? 
which will be inactivated by ^uch dosage may fairlv be -upposed to 
depend upon the mean absolute vigor or resisting power character- 
istic of the particular species or strain used. In a species with germ 
cells of absolutely low mean vigor proportionately more will be 
functionally inactivated than in a species of high absolute mean 
vigor of germ cells. 

3. Besides the germ cells which are wholly inactivated by the 
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deleterious agent, and which we may designate as class (a), we may 
fairly assume that there is a possibility of two other classes existing, 
viz., {b) germ cells which, while not completely inactivated, are so 
injured bv the agent as to produce zygotes which are measurably 
defective in some degree, and (c) germ cells which are not measur- 
ably affected by the agent at all in the dosage employed, and produce 
zygotes which are not discernibly otherwise than perfectly normal. 

4. It appears entirely fair to assume that germ cells of the 
(j) class are of relatively the lowest mean vigor or resisting power, 
class ( b ) next, and class ( c ) the highest. The proportionate num- 
ber of the two ^orts of zygotes corresponding to classes (b) and 
(c) of germ cells which would be expected to appear in any experi- 
ments made to test the point would clearly be a function of the 
mutual relationship or proportionality between two variables, the 
dosage of the deleterious agent on the one hand, and the mean 
absolute resisting power of the germ cells characteristic of the strain 
or species of animal used in the experiments on the other hand. 

5. If the dosage of the agent be relatively high in proportion to 
the mean absolute resisting power it would be expected that all the 
germ cells would fall into classes (a) and (b), producing no zygotes 
at all or zygotes in some degree defective. This about represents 
the condition, so far as can be judged from the data given, with 
Stockard’s alcoholized guinea pigs and Weller's^ lead-poisoned 
guinea pigs. The dosage is sufficiently high in proportion to the 
absolute germinal resisting power that all or practically all of the 
otfs])ring are defective in greater or less degree and in reference to 
some one or more characters. Stockard’s F., and Fj results indicate 
that though the untreatd Fj animals from alcoholists may appear 
normal, they really are somewhat defective. 

6. If, on the other hand, the do.sage, though absolitfeh' the same, 
be relatively loivcr in proportion to the mean absolute resisting 
power of the germ cells it would be expected that all three germ 
cell classes (aj, {b) and (r) would be represented. The zvgotes 
actually formed would be chiefly produced by (c) germ cells, and 
to a much smaller extent by {h) cells. Under these circumstances 
it would necessarily follow that a random sample of the zygotes 

0 Weller, C. V., " The Blastophthoric Effect of Chronic Dead Poi.^oning,” 
Jour. Med. Research, X’^. S., Vol. XXVIII., pp. 271-293, 1915. 
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produced after the action of the deleteriou~ atfcnt would, on the 
average, be ,'uperior in respect to ^tlch (pialities as pruwth, etc., 
which may be .'Upposed to depend in part at least upon terminal 
vipor, to a random 'ample of zytrotes fi’rmed before the actiem of 
the agent, becau'e the germ cells of cki" ( ei are a .'elected 'Uperior 
portion of the total gametic population. 

7. Essentially that proportionality between etYt.ctive dioage cif 
the deleterious agent and absolute rc'isting power of the germ cells 
outlineil in the jmeceding jiaragraph ((>1 is belie\ed to have obtained 
in the prC'cnt experiments with fowl', Nice’' cxjserinient' with 
mice, and nature's experiments with the workingmen'.' populati-ai' 
studied statistically by Fdilerton and Pearson. 

There i^ much detailed cvi^lence which can he adduced from my 
own experiment' and from the literature in sig'pnrt of the above 
hyiiothesis. Thi' eviilence will be discus'cd in the complete p.apor. 

Finally, I wi'h again to emf)hasize that, in my opinion, the re-ults 
here set forth are not contradictory to those of Stockard. .\nyone 
who bases a criticism of his results on the present experiments will 
go beyond the facts. Our results seem to me to be supplementary 
to those of Stockard. and to throw an interesting light on the need 
for caution in reaching a correct interpretation of all experiments in 
which a mildly deleterious agent acts upon the organism. It would 
seem clear that there is need for caution in this difficult field. If the 
conclusions as to the utterly dreadful and relentlessly certain effects 
of parental alcoholism on the progeny which have been transported, 
as it seems to me somewhat recklessly, from ,‘^tockard'' guinea pigs 
to human beings, were really true for the latter, then I can see no 
escape from the further conclusion that a great majority of the 
individuals belonging to the higher intellectual and social clas^es in 
the countries of Western Europe today ought to be blind, dwarfed, 
and degenerate wretches, because social history gives definite and 
uncontrovertible evidence that their parents and their granilparents 
on the average consumed proportionately as much and probablv 
more alcohol than the corresponding generations of Stockard's 
guinea pigs. The absence of general degeneracy in thc'C social 
classes could not be more completely and scientifically demonstrated 
than it has been by the events of the past two vears. 

The experiments here reported arc being continued. 



AMERICA AS THE DEFENDER OF NEUTRAL RIGHTS. 


By L. S. Rowe Ph.D , LL.D 
(R.-cJif Aj'ril IS. 1916') 

To the historian of international law, the year 1915 will stand 
forth as marking a crisis in the development of the spirit of legality, 
similar in many re?pects to the crisis of the early years of the nine- 
teenth century. It is too early to predict the condition in which our 
systent of international law will emerge from the present conflict, 
but it is evident that this condition will depend in large part on the 
attitude and policy of America. It is no less clear that at the close 
of the present struggle the system of international law must be sub- 
jected to revision of a far-reaching character. The lack of har- 
mony between the rules of international law and the conditions of 
modern warfare has been a source of constant irritation, and it is of 
great importance to the world's peace that these causes of irritation 
be removed. 

Whatever may be the nature of these changes, it is evident that 
the pressing, immediate problem is to preserve the existing fabric 
of international law, and to await the termination of the war before 
any radical changes are undertaken. The civilized world, and par- 
ticularly the neutral nations, look to America to assume the leader- 
ship in the performance of this world service. That the United 
States is called upon to play an important part in the performance of 
this service is attested by the contributions of this country to the 
development of international law during the nineteenth centurv. 
These contributions point the way to the larger role which we are 
now called upon to plav. 

M e sometimes take for granted that there is an inherent and in- 
evitable tendency of international law constantly to develop toward a 
higher and higher plane, and forget that there have been several 
periods in history during which the achievements of one epoch have 
been sacrificed by its successor. The shifting of the equilibrium of 
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power from the ba^ln of the -Mediterranean to northern F.tirope i> 
probtihlv the mo?t strikini^ illu^tration of the lo>-; ituohed when 
belligerent interests find no eounterva.iling force. 

The ,'itnatiun which confronts ii> lodav mark' another epoch in 
the develsipnient irf internationtLl law. d'he i>'Ue i.' clearl_\ and d.eii- 
niteiy formulated' >hall the intere.'ts of bell!gerenl> rc'h.ape and 
determine tlie fabric of international law. or 'h.all neutral interc'ts 
become an increa>ingly dommani mduence in e'tabh'lnng' the rule' 
thtit 'hall gcivern the relation' between state'? 

Recent events in hlurope have placed a new ti'peci on the ptirt 
which -America is ctdled upon to play in the develripnient of inter- 
national law. The ajijieals of all tlie contending pariic' to accejited 
legal principles, a^ justihcatiian for their rc'pective policies, i' 'Utfi- 
clent indication of ;i deeply-roi'ited rc'pect for the " upiiiiu)! of lua):- 
khid." which is, in the la.'t antdv'is, the btism of the 'pirit of legtd- 
it}' : both in municiptd and in internationtd law 

In spite of the constant ajipeals to establi'hwl legal principle' by 
all partie^. there is noticeable a disquieting ami ilangerous tendency 
to encroach upon those neutral rights, the observance of which rep- 
resents the results of a long and bitter struggle, marking one of the 
great achievements, if not the greatest achievement, of the nine- 
teenth century. The broadening of the rights of neutrals has been 
accompanied by a corresponding development of neutral obligations. 
A'iewed from the broadest possible standpoint, the development of 
neutral rights and obligations represents the most important step, 
first, in narrowing the area of conflict, and, secondly, in developing 
that world spirit of legality and settled rule which is the funda- 
mental as w ell as the ultimate purpose of international law. 

L'nder the guise of adapting the principles of international law to 
the new conditions of warfare, the policy pursued by the parties 
to the present conflict has not only undermined the basis of neutral 
rights, but threatens to destroy the hard-earned gain' of the nine- 
teenth century. We are apt to forget at times that the recognition 
of neutral rights is a matter of so recent development that it repre- 
sents the least stable divi.sion of international law. It is becoinin 
increasingly evident, furthermore, that the interests of advancin 
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civilization are ?o closely Loiind iijt with a broadening recognition of 
the rights of neutrals that the defense of the ground gained during 
the nineteenth century acquires a new signihcance and a new dignity. 

It i? this situation that jilaces upon the republics of the American 
Uontinent a new and far-reaching obligation. I'heir defense of the 
rights of neutrals will be all the more ettective it they are conscious 
of the fact that in making such defense they are at the same time 
furthering the higher interests of humanity. There is a noticeable 
tendency in the .state documents issued bv the parties to the present 
struggle, to take the view that while neutral rights are all very well 
in their way. they c;in only be recognized in so far as they do not 
interfere with the ettective waging of w;ir. It is this spirit which 
domintites the British proclamation of Xovember 2, 1914. the Ger- 
man declaration of February 4. 1915. and the British Cjrder in Coun- 
cil of INlarch 15. 1915. In reading these documents one has the 
impression of being thrown back into an earlier and more primitive 
period. Even in language there is a striking similarity with some 
of the documents issued during the Napoleonic struggle. It requires 
little or no effort to understand the point of view which has dictated 
these documents, and one can not even repress a certain sympathetic 
understanding of measures which are undoubtedly intended either to 
safeguarfl fundamental national interests, or dictated by considera- 
tions which are believed to be necessarv to national self-preserva- 
tion. But it is also well to remember that Napoleon as well as the 
Allies were quite as sincere in idoj as are the belligerents of 1916, 
and that had it not been for the “ -\rmed Neutralitv.” on the one 
hand, and the influence of the United States, on the other, the last 
vestige of neutral rights would have ilisappeared, and with such 
disappearance civilization would have descended to a distinctly 
lower plane. 

International as well as municipal law develops as a result of a 
compromise between conflicting interests, real or imaginarv, and to 
allow any state or group of states in the society of nations to pur- 
sue a i)olicy in flagrant disregard of the rights of third parties, is to 
destroy the basis of order, law and settled rule. It is this situ- 
ation which places so heavy a responsibility on the republics of 
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the American Continent. By the inevitable lo.yic of etent-; they 
have become the onl}' eftective defender^ of uentrtd riyht'. and 
unless they unitedlv resjiond to the cadi they will bocmne accomiib.ces 
in the destruction of th;it delicate ttdjric of mteniational law winch 
represents the triumph of world interc't over 'clii'li naiinu.d de- 
sign, and tvhich is the exprv'.sion of the spirit of 'oc.al orikr m 
international afftiirs. 

The oLligtition as^umes the chtiracter and dittnity of ti t\orM d.f.ty, 
and c;ui only be et'fectively iierformed through the united action of 
the American republics. It is true thtit the intere>t^ of the nar.ral 
nations of Europe tire in many respect' similar to our own. and th.ere 
is every reason to hope and e.xpect that they will support the united 
policy of the nations of the American continent, ddiere is. how- 
ever, much to be gained in giving to the principle.' which we arc- 
prepared to support a distinctive .-\merican background, tiitd in em- 
phasizing the fact that in the present crisis of the worM's affairs the 
republics of America have not only become the special guardians 
and custodians of neutral rights, l.utt are aho prepared tcj fulfil 
with no less zeal, every neutral obligation. The world service which 
the republics of America are called upon to perform, thrciugh their 
united action, is of a two-fold character : 

First. They must hrmly and unitedly maintain those neutral 
rights which have received the sanction of long continued practice 
and observance, and 

SccoJid. They must be prepared to carrv- one step further tlie 
law relating to neutral rights and obligations. 

As regards the first point, we cannot hope to make much progrc" 
unless it is possible firmly to establish the principle that belligerent 
convenience is no adequate basis for a system of international law 
and that, in fact, such a principle is destructive of all law. 

Ihe most notable advances in international law have been m;ide 
because of the increasing importance of neutral interC't' and the 
compromises which belligerents have been compelled to make be- 
cause of this fact. With each conflict there is evident a tendencv 
on the part of belligerents to undermine, usuallv through forced 
and unnatural interpretation, the accepted principles of international 
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law, and it is only when this tendency is opposed by the definite and 
concerted assertion of neutral rights that the international legal 
structure is maintained. This situation makes the concerted asser- 
tion of neutral rights in the present crisis a matter of vital im- 
portance, in view of the manifest and natural tendency on the part 
of all belligerents to make belligerent convenience the sole and final 
test of legality. 

At no time since the Xapoleonic struggle has such an opportunity 
oftered itself to the neutral countries of the civilized world. The 
republics of the American continent should lose no time in reaching 
a clear and definite agreement as to the rights which they are pre- 
pared to maintain. So strong has become the influence of world 
opinion on the action of individual states that such a concerted and 
united action would have a far-reaching ettect in preserving the 
rights sanctioned by law and usage and. after the close of this 
conflict, in securing the recognition of new principles which, by 
reason of their influence in narrowing the area of conflict, are cal- 
culated to promote the broader interests of civilization. It would 
have been a splendid example of continental solidarity, if at the 
outbreak of the European war, the delegates of the republics of 
America had assembled and remained in permanent session for the 
maintenance of neutral rights, as well as to consider the scope and 
limits of their neutral obligations. 

“ What,” it will be asked. " are the specific things for which such 
a league of neutrals should strive?" 

It would involve too great an encroachment upon your time to 
take up, with any degree of detail, the specific rights which should 
be made the subject of concerted action. Such a discussion would, 
in reality, involve a commentary on the entire law of neutralitv. 
The real point that I wish to make is that we should learn to think 
and act continentally " on these great basic questions which affect 
so intimately the spirit of order and legality in international affairs. 
It is undoubtedly true that the modern conditions of maritime war- 
fare call for a modification of certain of the accepted principles of 
international law. but if the e.xtent and character of such modifica- 
tions are to be determined e.xclu^ively by belligerent convenience. 
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we are certain to descend to a lower plane in the adjn^t^lent ot inter- 
national relations. It niav well be that the Declaration of I’afi' 
requires revision, and that the Declaration of Di_)ndon no lonqt,r 
meets present needs, hut in ^uch re\ision the voice tind intlueiicc oi 
non-belligerent-J should he heard ami t^iven due weiqht. I’mlialilv 
the most pressing question^ upon nhich neutral action m ncce-":;!'}' 
are : 

First. Shall we admit the right of belligerent^ indei'mtely to 
extend the list of contraband tirticle-;. so that the di>iinction 'iietwnn 
absolute and conditional conirtiband practically di-appcar'.' 

Sl'COuJ. Shall we accede to the rule that the doctrine of cr.n- 
tinuous Voyage can under any circuin-ttuice-- be applied to condi- 
tional contraband ? 

Third. Shall we admit of the reiining awa\ of the di-tinctioii 
between a " navtil or military ba^e.” and tdl the other port' or a 
country, so as practictdly to de-treiy th.e ih.-tinction .' 

Fourth. Shall we tigrce to ;i re•e'tabli^hnte•nt of tlie oM rule of 
the Consolate del IMare. that enemy good> I'ln botual neutral ve-'eS 
are liable to capture, even if such gotids tire not ceintraband of wtirf 

Fifth. Shall we accede to the new dehnition of itlockttde. .ml m 
the penalties attached to the violation thereof? 

Si.rth. Shall we agree to the new interpretation placed on tlie 
■■ right of search 'd' 

Scz'cnth. Shall we tolerate the hovering of belligerent cru’'(,T' 
along the coast line of the republics of America. 

Eighth. Serious consideration should also be given to the jdati 
proposed by the IMuseo Social Argentine, which has aroused much 
discussion in the countries of South America. This imprirtani or- 
ganization proposed, soon after the outbreak of the w;ir, that steps 
should be taken by the republics of America to eliminate belligereni 
operations from -\merican waters, and aLo to secure the freed.oin 
of all purely inter-American commerce, irre-pective of tlie quc'iion 
whether such commerce was carried in neutral or belligerent bot- 
toms. While this represents a most important extension of neutral 
rights, the reco,gnition of such a principle would have avoiiled much 
unnecessary suffering inflicted on the Americtm reijublics bv rea-on 
of the European conflict. 
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These are all questions the mere formulation of which indicates 
how deeply they affect the structure of international law. In a 
period characterized hy extreme retaliatory measures by all parties 
to the conflict, it is not likely that any real and permaneitt results 
can be secured in preserving the structure of international law 
unless the efforts receive united support. 

It is also incumbent upon the republics of America to give due 
consideration to the question of neutral obligations. The unsatis- 
factory condition of the law in this respect h:is been illustrated time 
and again during the course of this war in the abuse of the hos- 
pitality of neutral ports to secure coal, supplies and provisions for 
belligerent squadrons. \Miile the letter of the law has been com- 
I)lied with, its spirit has been constantly violated, anti the question 
now jjresents itself with renewed insistence whether important modi- 
fications should not be introduced into the law regulating the obli- 
gations of neutrals in order effectively to guard against such abuses. 

The outbreak of the European war came so unexpectedly, deal- 
in, g such a severe blow to the economic and financial interests of all 
the republics of America, that the first ])eriod of bewilderment was 
followed by a period of anxious questioning with reference to their 
position as neutrals. The uncertainties and anxieties of the situa- 
tion were increased by the presence of belligerent squadrons in the 
south Atlantic and south Pacific. The question of the interpreta- 
tion of the rules relating to the shipment of .mpplies ostensiblv 
shipped in pursuance of legitimate commercial transactions, but in 
reality intended for belligerent cruisers on the high seas, presented 
a problent so difficult and delicate that no one countrv could hoipe 
alone to grapple with the problem in a satisfactorv wav. Similarly 
the question of preventing the ports of America from becoming 
bases of operation was an exceedingly difficult one owing in part to 
the extended coast line, and partly to the inadequate facilities for 
Itatrolling the same. It was here that the opportunilv presented 
itself to the republics of America to assume a real position of leader- 
ship in the preservation of international law. 

\\ hen the war broke out all arran.gemenls had been completed 
for the assembling of a Pan-American Conference in Santia.go. 
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Chile, in October, 1914. The machinery was, therefore, ready for 
the holding of a Congress of neutrals which might ha\e performed 
a great service in the more definite formulation of neutral rights and 
neutral obligations. The healthful restraint imposed on belligerents 
by reason of the presence of vigorous and united neutral intere>is 
has been lacking, and the result has been a markeil and diMjuietmg 
decline in the standards of international dealing^. 

Although the most effective moment for an united .-tand of the 
neutral nations of America would have beeu immediatelv after the 
outbreak of the European war, it is not too late to repair at lea<t 
some of the damage that has been done. The machinery fur ^uch 
a conference is at hand in the International Commission of Jurists 
provided for by the Pan-American Conference of 1910. This body 
should be called immediately and remain in permanent session :is a 
Congress of neutrals until the close of the war. Its deliberations 
and conclusions should have to do with the rights which the neutral 
nations of America are prepared to maintain, and the obligations 
which they are prepared to fulhll. The mere fact that such a Con- 
gress is in permanent session cannot help 1jut impress itself upon 
the imagination of the entire civilized world, an<l have a far-reach- 
ing effect on the policy of the belligerent nations. Xot onlv would 
such a Congress serve to preserve the spirit of legality, but it would 
give to the world an example of international solidarity which would 
mark an epoch in the history of international relations. To allow 
such an opportunity to slip by is to prove ourselves unworthv of the 
great mission entrusted to the free nations of America and to pro- 
claim ourselves unable to defend the highest interests of civilization. 



LEGAL AND POLITICAL IXTERA'ATIOXAL QUESTIOXS 
AXD THE RECURREXCE OF WAR. 

Bv THOMAS WILLING BALCH. 

( A'lcid April ij, jt^JO I 

A recour'C tn war in our day such a terrible visitation not only 
for the belligerent nations but also in the long run through its in- 
direct effects for all neutral powers as well, that humanity of late 
years has cried aloud more insistently perhaps than at any other 
period of history for some way of avoiding the scourge of war. Un- 
fortunately as yet it is not generally aitpreciated that the real causes 
which produce war are deep-seated and not generally apparent on 
the surface, while the cvent= which as a rule actually precipitate war 
are in themselves more or less of trifling importance. 

Though we cannot see the elimination from the world of all 
war any more clearly than we can look for the complete eradication 
of consumption or cancer, nevertheless, international publicists are 
working to find a way to save the world from the woes inflicted by 
war with as stout hearts and as much hope of success as the 
surgeons, physician^, chemists and others who are working to guard 
humanity from bodily disease and ailment. And how international 
justice shall in all cases lie substituted for war as arbiter lietween 
nations, is as diftfcult a problem calling for solution as any known to 
the human intelligence. 

To-dav I shall present for your consideration especially one point 
of this problem, to wit. that the causes of disagreement arising 
between the members of the family of nations seem to divide 
naturally into two great groups. Into one of these groups fall the 
cases which can be settled by invoking jural rules, while to the 
other group belong those problems which usually call for an appeal 
sooner or later to war. To the former of those two groups of 
cases belong all the cases of difference which, however they mav be 
decided in favor of one contestant or the other do not reallv affect 
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the future political development and power in the world of either 
ptirty to the ctiU'e of ditterence. To the latter yuajup belong all the 
ctises of difference upon who<e ^olution tle[)etids the future piolitical 
power and prestige in the world of one or more of the contesting 
nations. 

As far back at least as the first sugge.stion of the ( leiieva Tri- 
bunal, discerning’ jurists ainl publicists had appreciateil that the cases 
of disagreement which arose between nations naturally Separated 
into these two groups of cases, the tirst of which i- more strictly 
legal, and the second of which is more strictly politictd. \nil as 
more and more of the former class of cases, ihtit is legal ctiscs, were 
successfully referred for settlement to international tribun;d> ntimed 
ad hoc, while at the same time ca'Cs of the second .group, that is 
political cases, were referred to the arbitrament of war, the vital 
difference between these two classes of interntitional cases became 
apparent to an ever-growing number of juri.'ts And the present 
war should make it clear to every one pO'scssed of ordinary common 
sense, that as the social organism of the world is now constituted, 
there can be no hope of eliminating all wars. For where it becomes 
not a question of which of two nations or groups of nation- is 
right, according to the rules and usages of the law between nations, 
but which of such contestants shall have the pow er to map out the 
political policy of a larger or smaller portion of the world in its 
own interest, a judicial court, even were a supreme court of the 
world in existence, could not decide which side was the stronger. 
All that a court of law can do is to decide which contestant is right 
according to the law. And between municipal and international 
tribunals there is this radical difference at present; that back of the 
former there is the whole police and military force of the state of 
which anv given court is an organ to enforce the judgment of that 
court. While back of an international tribunal to-day there is onlv 
the public opinion of the world, and the military power of one of 
the conte-tants, or one group of conte-tants to any ca-e to in-ure 
the acceptance of the decision. And if the last sanction is invoked 
it means a return to the original arbitrament of w:ir. 

To de-i.gnate these two great cla-scs of cases into which the 
(pie-iions of dift'erence arising between nation- naturallv jcem to 
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diviile, the French publicists htive used the terms cas jiiridiqucs and 
cas poVitiqucs to describe respectively the cases that are 'U^cejnible 
of ;i judicial solution and tho^e which are not. In England, W’est- 
lake’ timl ( )ppcnheini“ have use<l the terms Iccjal and political cases 
to designate respectively the cases which may be solved by an appeal 
to judicial procedure, and the case^ which seem to lead sooner or 
later to war. Among .\mcrican pultlicists Hershev" also has used 
the terms legtd anti political. Likewise in the proceedings of the 
two Hague Peace Conferences, the terms juridique and legal were 
u^ed re^pectively in French and English. ^ Of late years pacifists in 
this country have tipplied to those two great divisions of international 
questions the term.' justiciable and non-justiciable. These latter 
term', however, are not so gootl as the terms legal and political used 
by the great British international publicists and commentators. For 
the word justiciable is distinguished from the word justifiable by a 
ditterence of- only one letter, and as a consequence a confusion of 
the words is liable to arise in the popular prints. Also the e.x- 
pression non-justiciable is a negative term and consequently inferior 
for that reason to the expression political which is a positive term. 

Following the nomenclature devised for the purpose by the great 
French and British international jurisconsults and commentators, 

I have api')lied to these two great categories of international ques- 
tion'. the terms legal and political cases respectively. And in an 
eltort to diiterentiate between the cases which so far nations have 
been willing to refer to judicial 'ettlement, that is legal ca'es, and 
those which nations have preferred to submit to the decision of war, 
that is political cases, the present writer ventured to advance at the 
close of iqi3 the following definitions of legal and political ca.-es 
in the affairs of nations. 

1 Thoma.' Balch. " International Courts of .Urbitration." 1874. Oth edition, 
Philadelphia. 1915. page 63. 

- Lassa Oppenheim. "International Law." ad edition. London. 191J, Uol- 
unie II.. page 1. 

■■ -\mo5 S Hershey. "Essentials of International Public Law." New York, 
191a, pa.ges 323, 338. 

‘ Pearce Higgins. " The Hague Peace Conferences." Cambridge at 
the L niversity Press, 1909, pages iaa-123 

' Thomas W'lllin.g Balch. " Dift'erends juridiques et politiipies dans les 
rapports des Nations: Revue Generale de Droit International Public," Paris, 
1014. page 181 
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In any inve>tigation of how far judicial sctilcinents ha.ve and 
can be successfully substituted for war in deciding the tlifierencc' 
arising between nations, it is nece>sary to Icjok far ba.ck ni tb.e hr-iorx 
of our own period of civilization to exaniine tlie political changes 
which gradually led to the formation of what we now call nations, 
and also to 'Can carefully the attempits which have been made in the 
past to mitigate the severity and curtail the areti of w;ir. 

AMicn feudalism had developed and extendecl thniugb.out r.uri.pe. 
the relation^ of man to man itpon which feiakdi-m \\;i' ba-ed re- 
sulted in a constant clashing of individutds over matter,' of moire 
or less moment without, however, the exi'tence rif any re'tr. lining 
force to compel individuals to keep their ipuarreK within imund' 
so as not to cause detriment to the political life and well-being of 
other individuals who were not interested in the cause of discord 
As a consequence, it was perfectly proper for one feudal lord who 
was at war with another feudal ruler but whose lands did not touch 
indeed might even be far apart, according to the means of com- 
munication of the times, to march his rettiiners and men-at-arms 
across the lands of the intervening neighbors wdio had no cause of 
quarrel tvith cither of the belligerent lords. The warring lord- in 
so doing were merely making use of the public highways. Graduallv 
there began to form, first in the west of Europe, by the grouping 

"The expression, legal cases, should he recognized to mear. - 

arising between nations which, while a cause of dispute between iv.u or more 
sovereign states, da not threaten by their solution in favor of one ^ide the 
other, the independence or any vital interest of either party, Tlic- exprc'''nn, 
legal cases, furthermore, should be recognized to apply to all tiio-c cii.-e,' 
which do not affect the vital interests of the contesting nation', wh.ether trere 
are or are not rules of the law of nations upon tvliich the majority uf •.’ne 
great powers of the world are agreed, ready at hand to apply to ^uch c.tsf' -i 
arriving at a judicial decision for their solution. 

"The expression, political cases, should be recognized to mean quest’o-' 
arisin.g between states which, owin.g to the facts and interests irvuittil in 
those cases, do threaten, in any attempt to solve those ((tK'tiijns l.\ a judicial 
decision, in the future to affect and alter either favorably or unfavnraPlv the 
political power and influence of one or more of the nations parties tCi the con- 
troversy, The expression, political cases, furthermore, should, lie reccisnizcd 
to apply to all those cases which do affect the vital interests of the ci r.temhnq 
nations; even though there may be rules of international law .generally recog- 
nized by the nations the application of which to those ca-es wnuhi decidie 
them stricth' on legal grounds in favor of one side or the other " 
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of iDany iief^, both small and large but ^peaking similar dialects or 
patois, round one overlord, generally called a king, a new kind of 
political organism. Based roughly upon a siinikiritv of kinguage 
there began to grow up slowly at the expense of feudalism the 
kingdoms of France, England, Spain, Sweden, Saxony, Branden- 
burg, and various other political bodies which were the ancestors of 
the modent European nations. In tho'C newlv forming political 
organisnis. the relation of the overlord to his vassals and their sub- 
jects wa- not one that permitted an indirect allegiance of the stib- 
jecti of hi; va;;al; to the overlord as was the case in nurelv feudal 
times. The King; of France, of England.'" of Scotland, of Sweden, 
of Denmark, the Electors of Stixony, of Bavaria, of Brandenburg, 
the Grand Dukes of Xa^sau. of Baden, demanded and obtained more 
.and more a direct allegiance from all their subjects regardless of the 
ckiims of the feudal nobility as middle men to interpose their claims 
of sovereignty between their sovereign liege, the king, or elector, 
or grand duke or as the case might be, and their own immediate 
tenantry and personal men-at-arms. By degrees the political rela- 
tions between all of the latter, whether men-at-arms or peasants, 
and the king became as direct a personal relation as that between 
the king and his immediate feudal vassals. Gradually the sovereign 
entity of the feudal nobles disappeared and became merged in the 
ever growing power of the king or overlord. In that way the 
modern nations of Europe were slowly formed. 

'' Tlie feudal relation introduced in England by Duke William of Xor- 
mar.cly marked an important step forward towards the development of the 
nations as the\- exist to-day. For William the Conqueror required from all 
feudal vassals of every de,gree in En,gland an allegiance to himself as king 
The difference in feudalism as thus established in England from the feudalism 
developed in France .and elsewhere on the continent may best be shown by the 
difference in the French and the English feudal oaths which in substance were 
as follows; 

The Feexch FEUD.m O.cth. 

On bended knee and with uncovered head I make myself thy man of life 
and limb and earthly honnur. 

The English Feudal Oath. 

On bended knee and with uncovered head I make myself thy man of life 
and limb and earthly honour, saving my allegiance to my lord the King. 
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Thus on some island^ in the river Seine in the northern part of 
modern France a settlement started which in time developed intn the 
city of Paris. The i'land~ were clni'en a^ ;i place i n’ ~ettlen!ent 
in the beginning because tlie water about them formed a n.itural 
boulevard agtiinst attack. A line of fighting men gained the loctil 
feudal loiahhip there; and in the cour-e of time the}’ e'ctenihil their 
landed j.'O.'Ses^ions to both bank.' of the river and then bit b\ b.t in 
all directions. From one of their number. Hugh b'apet. tltough he 
w;i' not the first of his line to rule there, the family came tn be 
known as the Capetians. Then, a' time pa''od. the territcinal 
domains of the Capetians and their \'aloi' succe''Or' was extend.ei! 
'till farther, sometimes by comjuest in war. sometime' by marria.ge. 
It was by the marriage, for exami)le. of three French kings, with 
two succes'ive heiresses of Brittinny where the Salic Law did not 
obtain, that the Celtic-speaking Duchy of Britanny was united to 
the French crown and so politically to France.' Slowl}' but 'Urely. 
in spite of many checks caused by the English on the one si<le or 
the Burgundians on the other, the territorial power of the Capetians 
grew, until in time, they came to be looked on as kings of France 
and head of a growing state. More and more the Capetians and 
their \'alois successors absorbed the sovereign power from the feudal 
barons, whether large or small, about them, until by the time of the 
peace of ^^'estphalia. the French nation stood out as a clearly cut 
and fairly harmonious unit. 

A'ithin the Germanic Empire by an apparently reverse process 
the same result was attained. Eor within the Holy Roman Empire, 
which \'oltaire aptly said was “neither Holy. Roman, nor an 
Empire." the great feudal vassals of the emperor, instead of having 
their feudal sovereign rights gradually curtailed and absorbed by 
merger in the sovereignty of their overlord, the emperor, as happened 
in France for instance, on the contrary were able to increajc their 
own sovereign rights at the expense of the emperor, until he became 
a mere shadow which came to an end in 1806 a^ a result of Xa- 

■ Charles the Eighth and Louis the Twelfth married in succe"iun the 
Duchess Anne; and Francois de Valois, who became Francis th.e First of 
France, married Claude de France. Duche.ss of Brittany. The son of this last 
pair, Henry the Second, became both King of France and Duke of Brittany. 
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j)olt-oii’' victorious carver. The gradual crumbling awav of the 
GeruKinic emperor's --overeignty was doubtless due to the fact that 
he was an elective and not a hereditarv prince as was the case with 
the king> of France and England, for example. As a result within 
the Germanic Empire there grew up among the welter of small 
femlal princeling> the powerful political units of Hanover. Saxonv, 
Ravaria and Brandenburg, to name only the more important of the 
developing German "tates. 

\\ heiher in the tve<t, or the center of Europe, however, the im- 
portance of rekitively -mall potentates gradually vanished before the 
ri-e of the new order of political entities, such a- France and 
England and Brandenburg. As a result, questions began to arise 
between these more powerful political organisms, while the ques- 
tions growing out of the relation- of individuals to one another fell 
more into the background with an ever-growing tendency to 
disappear. 

For it was not to the interest of the king or elector or however 
the supreme overlord of the new order of political organisms might 
be called, to have their vas>als, whether great or small, quarreling 
and fighting. A continual warfare among the vassals and subjects 
of the overlord meant an impairment of their sources of revenue and 
a corresponding loss of power and influence in dealing with their 
equals about them. And as a consequence the new supreme sover- 
eigns sought by every means in their power to curb the carrving on 
of private war by their barons. .\s thi- war of individuals was 
gradually suppressed, until to-day in any well-administered state it 
doe> not jjrevail. war began, however, to occur between the newlv 
developing states. As humanity in western and central Europe was 
delivered gradually of the curse of private war by the growth of the 
institution of the kingly power, a- personified in the roval courts 
backed up by the police power of the king, there grew up, however, 
in place of the di-appearing strife between individuals, war between 
the newly forming nations. The ri-ing power of the kings and their 
like had rescued the European peojtles from the continual state of 
armed peace and war which thrived under the feudal regime. But 
with the rise of the new nations, for private war there wa< sub- 
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stiluted war hetweeii the new order of >overeii;n;. Towtird^ the eiij 
of the 'ixteenih century, Gcniilis wrote in the "De jure lielli”: 
" Bell mil cst fiB'lieoeniii annoriiin insta contentlo Which ii!a\' be 
rendered into EnL;li>h. as follow-. “ W;ir is a ju-t ciaiuentiun ef the 
public force."' And from thi.- same cur.-e of war in a new form the 
pcojile- .'trove to find deliverance. 

n'.'.riny the blidd.le .\tte- and indeed until ftiirh' recent tune-, 
the autb.ors of the variou- plans, often more or le-s fant.istic. 
ailvaiiced to do away with war ;md mainttdn peace between the 
nations, aimed to accomplish their object by one .-iroke of -t.iies- 
numship. Humanity diid not realize thtit chatiye- in the -ocial 
structure of the peoples can only be accomplished -Irnvl) and with 
the ptissapA of much historic time. While none of the plan- to 
change the world at once into an unarmed camp of peace -ucceeded. 
ntwerthele-s, some minor point- of ditterence ari-intj l)etwcen the 
new order or -overcis'ns thtit emerged from feudalism, a- feudtilism 
grad.ually gave way before nationali-m. were referred for settlement 
to some kind or other form of arbitration. And when the voting 
republic of the New World entered into the membership of the 
family of nations much impetus wa.- given to the applictition C)f 
international arbitration as a way of settlin.g international difficultie-. 
Still wars occurred to devastate now this, now that land. The 
eagerness of humanity in the nineteenth centun.- to rid itself of the 
curse of war and all its accompanying hardships and miseries was 
abundantly attested by the enthusiasm with which it greeted the 
official prominence given to mediation, as a means of reconciling 
rival nations, by the congress of the leading powers of Europe held 
at Paris in 1856. But as time passed, it was realized that mediation 
could not blot out war between nations. Then came the trial of the 
Alabama claims before the Geneva Tribunal in 1871-7J. That 
epoch-marking event, coming just after a bitter and co-tlv war 
between two of the leading powers of the world, gave new hope to 
a world that dreaded war and all its attending sufferings and evil-. 

s Allierici Gentili.s, I. C. Professoris Regii, ■' De Tvre Edli, Liliri III. 
Xunc primum in lucem editi. Ad illvstrissimvm Comitem E^scxis. Hanovise. 
apud Ilsercdes Guilielmi Antonii MDCXII.,” book one, chapter IF., entitled, 
“ Belli riefinito.” page 17. The above reference is to the third edition. The 
first edition was published in London in 1598. 
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Ami when the Herinij Sea Fur Seal case was carried in i8'j3 to an 
iulerna’iienal C(iurt naiiic(l aJ hoc for judicial seltlenient, and that 
CU'C wa- lollowed a few _\ ear^ afterward bv the subnii?sion, thanks 
laree!} to I're'akni t levehuid, of the \’enezu]a-Bnti'h Guiana 
hi.nmlary to tinoiher interntuiontil irilninal con-tituted likewise ad 
loc. the hopes of hunuuiitx in tlie gradual abolition of war rose, and 
tho-e li(spe- ro'C -till hipher with the ti'^einbluig at the call of the 
Fn.'.pi-ror Xicliijla- ih.e Second of the Fit^t 1 higue Peace Confer- 
LTiCc a'km.u lor th.e lin n.stioit of armatnent.', alth.ijugh that wtis r.oi a 
fruit of the labor- of the conference. 

'1 he ntiire th.tit th.e -ubject of jieace and war among nations is 
extuniued. in the light of pti-t and pre-eut event-, the more apparent 
it hecoiiKa that new fiarces nui-t be develojted to imltice nations to 
be willmg to submit their causes of difference which diplomatic 
nietiU' ctuinut -ulve to an international iriljunal for solution. The 
gretCL dread of the loss :ind sulYering brought on by war is sufficient 
to induce nation.- m most cases where matters are iitvolved that do 
not affect their power and strength in the world to agree with their 
rivals to submit such ca-es to some -ort of international tribunals 
for decision. But the dread of war is not sufficient to cause nations 
to agree to seek a judicial solution concerning those questions which 
do affect the future place and power in the world of nations. In 
other word- in ca.-es of dispute involving the " pffice in the sun" 
of nations it is hopeless, where it is uncertain which side is the 
stronger, to hope for a submission of such cases to international 
tribunal'. International tribunals in their relations to nations have 
not the compelling power behind them, as municipal court- have in 
their relations to individuals, to force nations to appear at their 
bar and abide by their judgments. In the present order of things 
in the world, nations only take cases to inteniational tribunals wdiich 
they are wdlling to submit to such courts : there is as yet no force 
devised to compel nations to appear before such tribunals as count- 
less numbers of indivuluals are made to appear rdmost anv day in 
the municipal courts. 

In such questions of difference, as resulted in the Franco- 
Prttssian War of 1870-71. the Russo-Turkish War of 1877-78. the 
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South African War of i899“iy02, the Rufso-Japanc^e War of 
1902-1905. and the present Great War, it would h.ive been U'ele^' 
for anv tri!)unal to have attempted to settle the controver'y on the 
basi? of jural rules. The underlying caU'C of trouble in each of 
those cases did not involve merely matters which would nut attect 
the future political development and power of the ci mte-t.-uU' at 
the council board of the nations of Europe, no matter how the 
matters in dispute were decided. On the contrary, the caU'C of 
strife in each case was because each .'ide wi.'hed to pO'>eS' .-onie- 
thing which they could not both have, but upon the pO"e.'.'-ion of 
which, according to the way the ((uestion of dilterence w:n ^l-ll\■ed., 
whether bv arms or jural means, the future influence among the 
members of the family of nations of the rival contestant-, would 
be enhanced or lowered. 

To build up 'Ome sort of international organism which will 
at all times maintain peace between nations will require much time 
and effort. Yet something already has been done towards the 
realization of that object. The machinery necessary to permit 
judicial settlements to replace wars has been developed. Doubtless 
it can be perfected still further. But that is not, however, the 
weak point in the eftort, now many centuries old. to maintain peace 
and avoid the curse of war. The real difficulty is how to induce 
nations to submit all their differences to some sort or other of 
international tribunals. Consequently, in order to eliminate war 
between nations as much as possible, one of the important objects 
to aim at at present is not so much to try to perfect the judicial 
machinerv for deciding disputes between nations, but rather to 
do awav as much as possible with the things that produce war. 
In other words, to so change the status of certain relations betweeti 
nations that the desire to resort to war in order to obtain some- 
thing will be done away with. 

One necessary step to this end of world peace, provided that it 
is an attainable thing, would be to remove from the world of what 
mav be called some of the hardships that press on certain nations. 
So far as possible this should be done upon the principle of an 
equitable quid pro quo. -\n example of that sort of thing wa^ the 
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world wide territorial rctirrangenient concluded in 1904 by France 
;ind (.Ireat Rritain, l-Sy that arrangement each of tho'C two jtowers 
gave up to the other '(.)nie territory to rectify their frontier- or im- 
jiortant privilege- iit exchtinge for .something eh-ewhere of etjuiva- 
lent value. In that way the can've? of jm-'ihle cki'li in the future 
between them were reduced to a minimum. 

In the .-ante way, looking to the prc'cnt and the future, the 
United State-, for example, coitld tirnmge to give Canada one or 
two, po--ibly more fratic port? along the .Ala-kan lisin'r in ex- 
change for some other privilege, ^o that merchandi-e going into or 
out of the Dominion would be assureil :it all time.? of paf'age to or 
from Canada through the .\l;i-kan lisii-rc without any vexation? or 
delay- ari-ing from our cu-tom?. 

( )r even the United State? might give to Canada in exchange for 
the I?l;md of Campobello. a ntirrow ?trip of land leading down to 
one of the tiord? which advance into the lisu'rc ?o that a Canadian 
railroad couhl be built to tide water with sufficient .space upon the 
?hore to allow a commercial port to be developed. 

Another problem which call? in the interest of peace for a wise 
solution is the need of the great Russian Empire for a port which 
is never locked up with ice. 

It has been suggested that a neutralization of the ocean trade 
routes of the world would make for the maintenance of peace 
among the nation?. Then, of course, there naturally arises the ques- 
tion how shall that neutralization be maintained? In other word?, 
if the nation? agree to neutralize the ocean trade routes, how can 
that agreement be u])held in time.? of war? 

A rearrangement or reconstruction of the status quo between 
individual nation?, however, while helping to make more secure in 
given cases the peace of nations, woulil not of itself go verv far 
in eliminating the de?ire for war between all nations. Something 
additional is necessaiy if any seriou? hope of securing world peace 
is to be looked for. 

One solution of how to maintain jieace in the world would be 
a return to the ?tate of thing? which did actually occur in the latter 
part of the periotl of civilization immediately preceding our own 
civilization, when the Roman state gained dominion for a consider- 
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able period of historic time over practically the whide known world, 
and for that period of time extended the henetit' of the I’ax K.inhiita 
to the many kinds of people^ livintj within the frontier^ of the empire. 
The Roman law did much to bring peace to the worM Min the 
Pax Roinaiia was extended, it mii't not lie forgotten, by force of 
arms and was maintained only so long m the Roman legions were 
;ible to upihold the power of the empire and prevent the Icirbarian-; of 
the outside unknown world from breaking through the Rianian 
frontiers. _\nd wdren that force of arms ultimately was no longer 
sufficient to restrain the rising tide of huintmity out'ide of the 
empire, the Roman law was iwept away with the ftibric of the empire 
and in its place for several centuries chaos reigned. 

The conquest of the world, however, by one power as ;i means 
of obtaining peace among the nations, is asking all nations, con- 
queror and conquered alike, to pay a high price. In our own period 
of civilization persistent cltorts have l.ieen made to find some other 
way to do away with the arbitrament of war between nations. And 
the most generally talked of way in recent years of eradicating war 
from human affairs seems to be the formation of a world federation. 
The thought of the formation of a world -tate superimposed on the 
present members of the family of nations is not at all a new idea, 
though some of those who to-day arc pressing it forward as the 
magic wand which will free a suffering world from the dread and 
cost of future war when the present conflagration has burnt itself 
out, seem in perfect good faith to believe that it is an idea developed 
in our own dav and generation. That this is not so can be easily 
seen bv anv one who will look up what Henry Quatre and the Due 
de Sullv. Cruce, Penn, the Abbe Saint Pierre. Kant, Lorimer, and 
other publicists have said on that subject. 

As far back as the year 1623, indeed. Enteric Cruce, a French- 
man, propounded in an embryonic form a league to enforce peace bv 
assembling at Venice a congress of ambassadors to sit permanently 
with the mi'sion of settling cases of difference between sovereigns 
and with the backing of the combined forces of all the powers repre- 
sented.’ This was really a forerunner of the movement to develop 

“ Thomas Willing Balch, “ Le Nouveau Cynee de Emcric Cruce.” Paris, 
1023. Philadelphia, igof), page loi. et seq. 
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an intcrnalioiial force to iii.-^ure peace among the nations which was 
launched la^l \ ear here in Philadelphia in our old Pennsylvania State 
llon.-e, unlv a .-tone's throw acru^- the square from this hall. That 
Le.igue to Enforce Peace \\;is organized on June i6 and 17 last.^" 
'I'he ino't important uhject of the league in its purpose to torm a 
leaylie among the natam.- for the jire-ervalion of j.ieace is de-cribed 
in a brief paragraph a> follows; 

" riie signatorv ptiwer- ?hall jointly u-e forthwith both their 
ecoiunnic and militarc' forces again-t any one of their numl)er that 
goes to war, or commits ticts of Inj-tility. tigaiimt another of the 
signatories before anv (jne-tion ari-ing shtdl be submitted " either to 
an international jmlicial tribunal or to a council of conciliation. 

The idea of the league embodied in tlie above resolution is not to 
form a league to make war in order to nuiinttiin the pe;icc of nations 
upon a power not a member of the league, but merely to restrain a 
member of the league from attacking another member state without 
hrst having submitted legal cases of quarrel to an international court 
or political disputes to a council of mediation. That proposal is a 
first step, if it can be carried successfully into ettect, towards the 
formation of either a \\ orld Federation, or at least a federation of 
a great part of the world. The difficulties in the way are enormous. 
Xeverthelcss. C'cst Ir prciuicr pas aid coiitc. the bishop told the 
King of Paris when the latter was thinking of adding by conquest 
to his domain the little town of Saint Denis a few miles to the north 
of Paris. Perhaps the step taken in the historic C olonial State 
House of Pennsylvania last June, may possibly be the first step 
towards the formation of a great international force that will up- 
hold the peace of nations. 

As upon the ending of the present Great War, a great deal will 
possible be heard of substituting international justice for inter- 
national war in settling tb.e differences of nations, and indeed already 
much has been said on that subject in the Americas since the war 
began, it will be well not to forget the stern realities that the world 
must face in seeking to acconqdish such a bencficient object. 

.-\ studv of the history of the world, more especially since the 

“■ League to Enforce Peace.’’ printed by the League to Enforce Peace. 
Fifth Avenue. X’ew York. 1915. 
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conclusion of the peace of Westphalia and including' the course of 
the pre.'Cnt war, would seem to ^how that whde it would be well 
to do everything possible to avoid war by a recour'c to intern.itional 
courts in all possible ca>es. and much can be done to promote thtit 
lauiiable object, still it is well also to rememl;er ih.u the t'reator hti^ 
ordained our world in such a way that force of .■■ome kiml, -oiaier or 
later, is at the back of all social evolution. You nia\' hobl back the 
law? of nature for a time and even in ;i way deflect them from their 
course, but ultimately thO'C hiw? will prevail ;tnd one of tho'C kiws 
of nature is the law of force. And a great tmd importtmt retmon 
for not forgetting at the ]>resent time the reahtic' that the world 
must face in the effort to do away with war as ftir as po?.-.ible. i' 
that just as the Thirty YearX War helped the pa'?ing tiway of 
feudalism before the incoming new era of mitionalism, so it is po-- 
sible that the Great War will mark a change no less important from 
nationalism to a new order of things in the world. 

It may be said of the questions of disagreement which ari-e be- 
tween the members of the family of nations, that, owing to the 
realization more and more each year by the peoples of the world of 
the benefits derived from the interplay of commercial interests be- 
tween nations, as well as the appreciation that w:ir to-day through 
its great destruction of wealth and life penalizes victors as well as 
conquerors, there has grown up an invisible, perhaps one might sav 
an intangible force to induce nations to settle most of their legal 
differences by an appeal to international tribunals. For when inter- 
national cases can be settled by an appeal to jural rule' upon the 
basis of justice without hurting or endangering the future power in 
the world of a nation, the ])eoples have been contented to 'ce their 
governments invoke international tribunals to decide between the 
nations. But as yet there has not developed a 'ufheient force of anv 
sort to induce or compel nations to 'Ubmit all their political dift'er- 
ences to judicial settlement for solution. .\nd so it leaves us face 
to face with a momentous problem : How will humanitv devise a force 
sufficiently strong to cause nations to settle all their difference' 
without an appeal to war, or in other words, how will the nations 
transform the present political cases into legal c:i?e? ? 
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Bv WILLIAM H. FURXESS, 3D., A B.. M.D. 

{Read April 73, nii6.) 

\\ hwi ill the couT'e of iin-hunian events .^^ome years ago in 
Borneo. I became acquainted with several members of the genus 
W’lld-mtin that made the i'land famous. I was posse'sed with the 
idea that with con.'tant human companionship and surroundings at 
an early age, these anthropoid apes — the orang-utan (which of 
coulee you know is a iMalay name meaning Wild-man or iMan of 
the Jungle ) — were capable of being developed to a grade of human 
understanding perhtips only a ?tep below the level of the most primi- 
tive type of human being inhabiting the island — I mean the wander- 
ing tribe of I’unans. If deaf, dumb and blind children have been 
taught by beings they could not see to use language they could not 
hear would one not be justified in an earnest endeavor to teach the 
higher ape? with faculties and senses alert and with traditional 
powers of imitation, to do the same to a limited degree? It seems 
well nigh incredible that in animals otherwise so close to us phvs- 
ically there should not be a rudimentary speech center in the brain 
which only needed development. I have made an earnest endeavor 
and am still endeavoring, but I cannot say that I am encouraged. 

I took as my pupils, or patients, whichever it may please vou to 
consider them, the orang-utan of Borneo and the chimpanzee of 
Africa. The other anthropoid-, the gibbon and the gorilla, are ex- 
ceedingly difficult to keep in captivity : the gibbon is verv frail and 
the gorilla, animal dealers declare, soon succumbs to home-ickne-s. 

i\Iy fir.-^t orang-utan I obtained in February, iqoo, in South 
Bnrneo, when it was, as well as I could estimate, about one year 
old ; it still had all its milk teeth. It had been in captivitv onlv a 
week and yet it was as docile as a human babv and never attempted 
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to bite. It survived four years and eiglit iiioiuh'. I obtained 
another orang in iwi i, which lived two and a half \ear; in capiivitv. 
but a.lthouyh gentle and affectionate it ab^oluteh reiiwed tn be 
educated. 

Two chimpanzees, each about a year ohl. ab-nlutelv uiuramed. 
I lic'.ught from Crci'S. the aniin.al dealer, in Liverpool in the autumn 
of 100' I. The first one died of pneumonia at the end of !i\e months 
when her intellect, which 'howed great jiromi'C. wa' jiul tiw.iken- 
ing. The second, uhich wa- imported for Dr, W inner, -pent her 
first months in this country at his lahoratcirv of p-\chologv at the 
university. After a severe attack lof pneumoni.a ~he came rmt to mv 
place to convalc'ce in comjxiny with my orang-ultui' : -he lia- been 
with me ever since and is the -ole =urvivor of my four pujiil' iT 
mention these dry facts merely to iinl'cate the materi.d I have 
worked with, the approximate ages of my pupils and tb.e 'lamewhtit 
limited extent of my experience. Fre'iuently for weeks at ;i time 
I have spent as much as si.x hour' a day in their company, bu: this 
is not one hundredth jiart enough i 

In teaching articulate speech I found the fif't difficulty to be 
overcome in both the orang and the chimpanzee is their lack ru’ use 
of lips or tongue in making their natural emotional cries. These 
natural cries are almost entirely, I think T may say, head tones — 
shrieks, squeals, or grunts, made for the greater part on inspiration. 
They unquestiianably have, however, distinctly diftcrent sounds to 
indicate their simple emotions of fear, anger and joy. The orang in 
one respect does use the lips, to make a sound indicating warning or 
apprehension ; this sound is made with the lips pursed up and the 
air sucked through them — an exaggerated and prolonged kiS'ing 
sound, followed hv a grunting exjiiration and inspiration. Strange 
to sav, the chimpanzee seems to appreciate on hearing th’s ;oimd 
that danger is near, although it never makes this sound itse'f. When 
uttering this warning, the hair of the head and shoulders lii-i;t'es 
up. but there is no showing of teeth or other signs of aggression, 
i\Ty oldest orang would make this sound on command fl had merelv 
to say What is the funny sound you make when vou arc fright- 
ened?”'). Their expression of jileasurc, as I have heanl it, is 
several high-pitched squeaks made with the lips clo-cd. Tluir ex- 
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claniation of anycr i.' a deep toneil guttural gruut or bark much like 
tliat of an angry hog: I have heard thi.> front the young orang-utan 
and from the full-grown just recently captured. 

The chimpanzee indication of fear is a (juick. high-pitched shriek 
and a bark very like a dog. The exclamation of joy is really much 
like laughter. The mouth is ojtened wide and the sound made is a 
li 'iig drtiwn ;dt-a-;i, with a rising inflection, this i' follotsed by three 
or four 'hort, (juick Aim. A sound of greeting and fricndlines-; i= a 
series of UUs made by rapid exjiiration anil inspiration, and with 
lips protruded, merely for the projection of the sound, kly chim- 
panzee when greeting friends at a distance amplifies this sound into 
more or k-" nf a shout of long-drawn high-pitched notes, winch 
when once started, ajiparently. mu-t be kept up to a logical conclu- 
sion : I have been impelled on mtuiy ocettsious to put my hand over 
her mouth to subdue the noise but the shout will still conti:iue forced 
thn'iugh my fingers while .'he looks up at me compa-sionatcly as one 
having no ear for melody. Contentment over food seems to be 
expressed by grunts very much like a young pig. 

If these animals have a language it is restricted to a very few 
sounds of a general emotional signification. Articulate speech they 
have none and communication with one another is accomplished by 
vocal sounds to no greater extent than it is by dogs, with a growl, 
a whine, or a bark. They are, however, capable to a surprising 
degree of acquiring an understanding of human speech. 

In the case of the orang-utan it took at least six months of dailv 
training to teach her to say “ Papa.” This word was selected not 
only because it is a very primitive sound, but also because it com- 
bined two elements of vocalization to which orang-utans and chim- 
panzees are. as I have said, unaccustomed, namely : the use of lips 
and an expired vowel sound. The training consisted of a repetition 
of the sounds for minutes at a time, while the ape's lips were 
brought together and opened in imitation of the movements of mv 
lips. I also went through these same maneuvers facing a mirror 
with her face close to mine that she might see what her lips were 
to do as well as feel the movement of them. At the end of about 
si.x months, one day of her own accord, out of les'on time, she «aid 
“ Papa ” quite distinctly and repeated it on command. Of course. I 
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praised and petted her enthusia=ttcalh ; ^he never lurgot it after 
that and I'lnally recognized it a^ my name. When a'ked " W here i.-? 
Papa?" ^he would ;it once point to me eir pat me on the ?iioulder. 
(_)ne wtirni '•uiiinierX day 1 carried her in my arm- into a .-wiinmmg 
pool: -he was alarmed at lir-t but when the water came up to her 
leg.' she wa.' panic stricken : ,-he clung with her arm- ahijut my neck : 
ki'-ed me again and again and kept stiving "i’apa! Papa! i’apa ! ” 
(.>f cc ur-e, i went no further after that pathetic appeal. 

The ne.xt word 1 attempted to leach her to sa_v w;i- ” cup." i Let 
me ^av that by thii> time -he under-iood ahuu-i evLiw thing that it 
wa? nece??ar_\ for me to ?ay ?uch as "Open >uur mouth." ” Etick 
out your longue," " Do this,” etc., and .-he was perfectly gentle and 
occtisiontdly -eemed quite interested. 1 The tir-t move in teaching 
her to .-av cup was to pu-h her tongue b:ick in her thiasat as if she 
Were to make the sound " ka." This was done by mean- of a bone 
spatula with which I pre-'ed lightly on the center of her tongue. 
W hen 1 saw that she had taken a full breath 1 placed my linger 
over her nose to make her try to breathe through her mouth. The 
spatula was then quickly withdrawn and inevitably she made the 
sound " ka.’’ -Vll the while facing her I held my mouth open with my 
tongue in the same position as hers so that her observation, curiosity, 
and powers of imitation might aid her, and I said ka with her 
emphatically as I released her tongue. After several lessons of. 
perhaps, fifteen minutes of this sort of training each day she would 
draw back her tongue to the position even before the spatula had 
touched it, but she would not say ka unless I placed my finger over 
her nose. The next advance was that she herself placed my finger 
over her nose and then said ka without any use of the spatula : then 
she found that in default of my finger her own would an-wer the 
purpose and I could get her to make this sound any time I asked her 
to. It was comparatively very easy from thi- to teach her to say 
“ kap " by means of closing her lips with my fingers the instant she 
said ka. At the same time I showed her the cup that -he drank 
out of and I repeated the word several times as I touched it to her 
lips. After a few les=;ons when I showed her the cup and asked 
“What is this?” she would say cup very plainly. Once when ill at 
night she leaned out of her hammock and said " cup, cup, cup,” 
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which I n;itural!y understood to mean that she was thirsty and which 
pr.^it’ed to be the case. I think this 'howed fairly conclusively that 
there w;is a ydimmerinc;' idea of the connection of the word with 
the object and with her desire. 

By g''^ttinc' her to stick out her tongue and then by holding the 
tip of it up against her teeth and at the same time forcing her to 
breathe through her mouth I finally got her to make the sound Th. 
Thi^ was preliminary to teaching the words: the. this. that. 

All this wti- encouraging I will admit but then — " I never nursed 
a dear gazelle . . . .” etc. : the poor little animal died four or five 
months titter tb.is tif't tiny inkling of Itinguage. I have tried per- 
sistently for five years to teach my surviving chimpanzee pupil to 
say " mama '' : she savs it. but very poorly. I think I must honestly 
say it is a ftiilure Again and again I have tried by the same 
methoil that I used with the orang-utan to teach her to say cup. but 
to no tivail. Cci the uhole I should say that the orang holds out 
more promise as a conversationalist than does the chimpanzee : it 
is more patient, less e.xcitable. and seems to t:d<e instruction more 
kindly. 

As to a comprehension of the connection of spoken words with 
objects and actions both the orang-utan and chimpanzee, I think, 
exceed any of our domc'tic animals; both of my anthropoids have 
been able to understand what is said to them, more intelligently 
than any professionally trained animals I have ever seen. In their 
education the enticement of food has never been used as an incen- 
tive to actions, and jiraise and jieiting have been the only rewards. 
In other words my object has been to endeavor to make them show 
signs of thought rath.er than a perfunctory performance of tricks. 
The very harde-t thing that I have had to contend with i' inatten- 
tion and lack of persistence. The slightest sound is enough to 
divert their mind- entirely unless they are deeply interested. 

Both the chimpanzee and the orang-utan possess a retentive 
memory for objects in connection with actions, in other words, for 
the association of ideas ; they knew precisely the right kev for every 
lock and padlock in their apartments and could pick them out of a 
bunch of ten or twelve other keys and could unfasten the lock. It 
was the shtipe and size of the key that they remembered. I am con- 
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vinced : the}- were tested with liuplicate keys placed cm dilterc-nt key 
rings and the right key was always selected — two of the kc} s were 
for Yale locks and hard to distinguish. On one occasion when I 
took klinii. the chimpanzee, as a demonstnition to one of the clas'Cs 
in psychology at the universitv ^he surveyed the audience assembling, 
pos^ibl}- 1^3 men and wninen, with great interest while sitting 
quietlv in a chair in tlie amphitheatre: a-; a grmip rit four or n\e 
people entered at :i door on the side, she turned her eyes toward 
them. In the group was one who had been her devoted doctor and 
nurse during her severe attack of pneumonia four }ear- previou'ly. 
She had not .'Cen him ^ince her recovery. The insttint .'he caught 
sight of him she jumped from her chair, rushed to him. threw her 
arms around hi; neck, putting her face close to h.is and giving her 
shout of greeting. It was too marked a demon-tration of altection 
to be anything short of actual recognition. There are. however, as 
we all kitow, many instances of quite as remarkable feats of memory 
as this among dogs and horses and possibly cats. 

After an absence of six months I have found that my apes have 
forgotten nothing that I have taught them, although during my ab- 
sence their course of instruction ceased entirely and they refused 
to do for others what I had taught them. Both the orang-utan and 
the chimpanzee have been able to learn the letters of the alphabet in 
order up to M. This is merely a demonstration of memory for dif- 
ferent shapes in a certain sequence ; the letters which I used are cut 
out of wood ^4 inch thick by four inches square. The chimpanzee 
recollects quite accurately just the sequence of these shapes in the 
series. By name she does not di-tinguish them as well, except where 
the letter sound is ver}- distinct : B, F, H, L, ]M, seem to be easy for 
her to recognize whereas A, K. E. D, C, G, are confusing. When 
asked for the letter / she is apt to mistake it for her eye to which she 
points. Y’hen the letters are drawn the same size and width with 
chalk on a blackboard or printed in black on white cards she fails 
to recognize them. To test her ability to compare shaj)e and size I 
have used an ordinary form-board consisting of ten differently 
shaped blocks about half an inch thick and a board wherein are cut 
ten hollows corresponding in size and shape to the blocks. The 
hollows are about Is inch deep and to make them more easily seen 
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are painied black inside. The trial consists of placing quickly all 
the blocks in their corresponding hollows. The actual time required 
by an adult human being is about twenty seconds. It is strange 
that with so quick a memory for the shape.s of the letters and the 
keys she should find so much difficulty in mastering the form-board. 
.After hundreds of trials she is never certain to get all ten blocks 
in place without considerable hesitation and one or two misfits. The 
more elaborate they are in shape the easier it appears to be for her 
to place them ; the five point star is almost always her first selection 
from the pile and seldom does she hesitate over it : the equilateral 
cross is likewise readily placed, but the simple square, the oblong and 
the lozenge are invariably shifted from one hole to another all over 
the board. The shortest time in which -he has placed them all 
correctly, so far, is 35 seconds : and the very ne.xt trial may have 
taken 2^ l minutes. 

I do not wish to generalize, but from my experience with a ven,' 
bright chimpanzee and an exceptionally receptive orang-utan I 
should say that the ability to recognize the significance of graphic 
representation is as lacking in the anthropoid mind as is the inclina- 
tion to speak. The crudest scrawls of the cave dwellers are hun- 
dreds of centuries ahead of the simian thought. I have spent hours 
trying to get my anthropoids to draw two crossed lines on a black- 
board. If the board be placed lying flat on the floor in front of 
them they will draw horizontal lines with the swing of the arm, if 
the board be placed upright they draw nearly perpendicular lines 
merely as the weight of the arm carries the chalk down, ^^'ith 
pencil and paper they make nothing but scrawling zig-zags with no 
method in their madness, and no amount of copy set or guiding of 
their hands will induce them to do otherwise. They have, however, 
a decided sense of color. Both of them have been taught to know 
red, blue and yellow by name and the chimpanzee can select and 
place in separate piles blocks colored violet, blue, green, yellow, 
orange and red. 

In testing their color sense I tried first with a red, a blue and a 
yellow block and a board whereon were painted squares of the same 
colors a little larger than the blocks ; I showed them over and over 
again what I wanted them to do and saying the names of the colors 
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as I placed the blocks on the squares corrc'pi mdin^Iy cnlorcd. 
Then a block was given to them and the\ were expected to p’aicc 
it correctly, but it never wa? dune in a \\;i\ to cniuiiice me that iIk v 
recognized the color. Next they were te-ted wuh ]iiece~ of riliboii 
of exacth- the same length and width a.nd lu'ter : I eii'le-ivore'! to 
get them to select and h;md to me the color th;it I a'k'ol tor, bor 
a month or more I thought that they knew the colors, but to make 
sure I p'laced tlie ribbcui^ in another room ancl inkl one of the tipes 
to go and bring me one of the colors, and wliiie >l'.e w a- CLtirng n I 
kept repeating the name of the color so th;it 'he 'liould not forget 
This was a complete failure, again and again. They ev.deiu’.y bad 
been reading my cxpre'.'ion and the direction of tny eyc'. whin 
sitting opposite to them, unconsciously. I followed the directioti of 
their hesitating hands with a gkince of approvtd or di'tipproval. 
This was really very cbservtint on tlieir part, but mjt to tb.e p'liitt 
They were completely ;it a lO'S wlien I closed my eyes tmd heb! 
out my hand to receive the color that 1 had asked for. 

This did not prove, however, that they could not recogttizc the 
clilterent colors ; merely that they did not know them by name. The 
next trial therefore was with ’4 blocks, 8 red. 8 blue. 8 yelVnv ; all 
scattered over the table. One color was called for by name and if 
that was selected rightly then all the others of that color must be 
picked out and placed in my hand. I would never accept a wrong 
color, but would either close my hand or snap it out of their fingers : 
the lesson would not stop until all the eight blocks of each color htid 
been rightly selected, so they gradually learned that a quick selection 
of right colors meant a speedy release to play. In this manner al>o 
thev learned the names of the colors as tipplied to blocks, but if other 
red, blue aitd yellow objects such as ribbons were placed among the 
blocks I could never get the apes to consider them in the =ame 
categorv as the blocks merely because they were of the 'ame color, 
W hen the chimpanzee knew the three colors distinctly lioth bv name 
and by sight a new set of twenty-four wa.' given to her, but this time 
there were four each of violet, blue, green, yellow, orange and red. 
It was decidedlv unexpected to find that she readily appreci.ateii the 
difference of these new' tints and at the end of the first Ics'on was 
able to build up all the blocks in separate colors, although the tone 
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of colurinc of the and the l)luc, and the yellow and the orange 

Were verv nuieh the same-. My chimpanzee, at least, has an apjjre- 
ciation of color di^tinct from tone. 

Action-; which on lir't thought would .-eem to require almost 
human intelligence .-uch a- .'iringing heads, threading a needle, using 
a ^poon, or ;i fork, drinking out of :i cup, washing the hands, etc., 
our anthropoid eoju-ins seem to accom[)h>h with gi'etit fticiiity. 

1 ’( "'hh- ihc'c are hut ,'Iiglit moditications of in-tinctive actions of 
u-'C in the pur--uit "f fi.io<l. or to sati-iy a natural curio'ity. .V twig 
or ;i stick may he poked into a hole to pry out a grub or the kernel 
of ;i mu, a drink of waiter out of the hollow of a letif is like drinking 
fri,)m ;i cup: >ticky juice of fruit on their hand' thee naturally find 
mav iie counteracted hy a good ruhhing in 'atid or water, therefore, 

1 do not think that 'Uch actions demonstrate any marked degree of 
menttihty. But tying a knot in which three or four dilYcrent motions 
were required and where no object other than the formation of a 
knot wa,' attaineil, required long and per'istent instruction. The 
knot w;is tied hundreds of times while the ape was apparently 
closel}' observing every action and then her hands were put through 
the motions but yet 'he would only twist one end of the rope round 
the other when left to herself. Simple actions such as digging with 
a spade, or trowel, scrubbing, sweeping, screwing in a screw she 
learned entirely by imitation. 

I am eager to be aide to say truthfully that my anthropoids have 
showed si.gns of reasoning ( 1 mean have deduced an inference from 
certain premises i, but truthfully 1 can >ay that I have seen onlv the 
faintC't rays of evidence, unless association of idea' which in point 
of fact is merely learning by experience, is reasoning. The chim- 
panzee if given the key to the closet in her room will ht it in the 
lock, turn it in the right direction, slip back the little spring catch, 
open the door, get the top of the 'pi.got w hich is kept there to avoid 
a waste of water, tit the top of the ^pi.got. .get a ilrink of water and 
finally turn the water off. It appears as if in this act there were a 
sequence of ideas concerted to accomplish a piuqiose and therefore 
to a certain extent there were reasoning. I am inclined to think, 
however, that such an act with the chimpanzee is .governed bv a 
simple 'Ucces.'ion of ideas rather than by a pre-arranged sequence 
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of action>, with a definite object in view. It would 'cem that the 
inability to compare rate object with another or one actum with 
another precludes their mind from either ilcductive or inductive 
rea;Oiiine, tind thtit th.eir brains tire a^ incapa.ble of rea'oniny a-- 
we do, as a dtjy’s p;iw ( for iii'tance') i- inca[i:ible of holding :i pen 
we do. They undnubtedlv can be taui;ht. owintt Ft their plu'ical 
resemblance, to imittite human acti'ms to a reina’diable deyree, but 
their hiyhest notch (jf nieiutdity after four or five ye,tr> of traininL; 
is hardly comparaljle to that of a human child of a tear aiu! a half. 
Rev. fydiiey Smith in the introiluction to one of hi' lecture' on 
moral {ihilosciphy says : 

"There may. peri'a; s, l,e more of ra'luie.ss arc! iH-fated 'H'urity m m. 
opinion, than of maenanimity or liberal. : but I 1 fee! ry.'eh' 'o 

much at my ease ab. lu: the fiiuerionty eu" mankiiul — Ib.a\e 'ucb. a marke'l aiul 
decided contempt for the r.m'.cr.stardini; of every l'ab"on I liave yet .seen — I 
feel so sure th.at th.e blue ape with.out a tail will never rn. a! lu in. pue-tre. 
painting and music — tliai I see no reason wh.atevcr. wiiy justice may not be 
done to the few frasmer.ts of soul and ratters of und.erstandir.y winch, th.ey 
may really possess. I h.ave soinctinies. pe-rliaps. felt a little uneasy at Exeter 
'Change from contrasting the monkeys with the 'preiuice b'.ys wiio are teas- 
ing them: but a few pages of Locke, or a few lines of Milton, iiave always 
restored me to tranquility.” 

I regret that I am forced to admit, after my 'Cveral years ob- 
servation of the anthropoid apes, that I can produce no evidence that 
micht disturb the tranquil sleep of the reverend gentleman 

\\'.\LI.IXGFORri. P.A . 

April. 1916, 
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I. 

UUTLIXE. 

Ty JijHX BASSETT MuURE. LL.U. 

I. — Inicrnaiional law, like all other kinds of law, 

originated in the neces.dtic; of intercourse between human beings. 
Just as rules developed for the regulation of life within individual 
* groups, so. :i5 groups became permanent and were transformed into 
states, rules developed for the regulation of their intercourse with 
one another. The system thus gradually formed was not artiheial 
in any sense other than that in which all legal systems are artiheial. 
Regulation is just as essential to the relations between groups of 
men as it is to the relations between individual men. 

In spite of the fact that it was formerly the fashion of writers 
to say that the law of nations, or international law, was altogether of 
modern origin, the recent researches of scholars have tended more 
and more to disclose the existence of well-dehned rules for the 
regulation of international intercourse among the ancients. There 
existed, for example, among the Greeks and the Romans, a large 
body of customary law governing their intercourse with aliens and 
with alien states. Among the Greek states themselves, there was a 
large body of usages in accordance with which their relations were 
conducted. The judicial settlement of disputes between them, by 
means of arbitration, was carried to a very high point and was at- 
tended with a large measure of success. Within the past twenty 
years, much light has been thrown on this subject by the study of 
inscriptions, which has conclusively demonstrated as dear and pre- 
cise an application of the judicial method to the settlement of dis- 
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putes between the independent Greek states, as ha.- been made to the 
settlement of di^plltes between nation^ in recent times 

These things I ptirticularize for the purpose cn' einph;i'!zing the 
point that all law, so called, whether national or international, grow^ 
out of the necessities of human intercourse, W'e commit a funda- 
mental error in thinking of any rvstem of law a^ an artificial 
creation, 

II. CIrligatiox. — It wai' altogether m harmony with the view 
above expressed that Grotins and other so-called founders of the 
modern svstem of international law regarded its acceptance as a 
fundamental condition of the admission of a state to its benents. 
By these writers the system was regarded as having had its origin 
among the Christian states of Europe, and non-Christian states 
were admitted to its benefits only to a limited extent. In course of 
time, this conception ceased to be sufficiently comprehensive. By the 
Treaty of Paris of i8;6. Turkey was expressly declared to be 
admitted to the benefits of the public law and concert of Europe. 
Subsequently, certain states of the Ear East, beginning with Japan, 
expressly assented to the system and were duly recognized as par- 
ticipants in it. 

But, so far as obligation is concerned, it matters not whether the 
system was tacitly accepted or expressly adopted. In both cases, 
the obligation is the same. 

It is necessarv. however, to observe the distinction between 
obligation and enforcement — between the duty to observe a certain 
rule and the power to compel its observance. The failure to make 
this distinction constantly produces confusion. \\’e know, as a 
matter of fact, that, in the attempts to enforce municipal law, a 
failure of justice often takes place. The skill of an attorney or the 
bias of a juror may, and no doubt often does, result in the acquittal 
of a .guilty defendant, and yet it does not occur to anyone to say 
that, becaU'C the defendant thus escaped the punishment which he 
should have been obliged to undergo, the duty of obedience to the 
law did not in his case exist. Such a suggestion we should regard 
as absurd. Xevertheless, we daily hear the allegation that there is 
no such thing as international law. because, forsooth, some nation 
has violated, or is said to have violated, an acknowledged rule. 
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There is as little ^ea^Oll for the a^sertion in the one ca'C as in the 
other. 

III. The Future. — Since the e^rcat conflict in Europe began, 
the clays have perhaps been rare on which the teacher or student of 
international law has not been greeted with the profound remark 
that there is no such thing as international law, or that international 
law has come to an end. As there are comparatively few persons 
who have dee])lv studied international law, it shruild not seem to 
be ungracious to say that such remarks betray a want of informa- 
tion. or at any rate of reflection. The rules of international law 
are by no means so indetinite or uncertain as they are often sup- 
posed to be. or as interested per.-ons often seek to mtike them appear 
to be : nor i,- their observance by an_\' means so ca-ual as is sometimes 
imagined. It would be difficult to find in international law an 
example of uncertainty greater than that which attended the in- 
terpretation and enforcement of the so-called Sherman Anti-Trust 
Law, which, after twenty years of strenuous controversy, was left 
to be interpreted according to the " rule of rea.^on.” Xor is inter- 
national law in ordinarx’ times badly observed. It is. in fact, usually 
well enforced ; and any differences in regard to its interpretation 
and enforcement are. except in matters of a political nature, com- 
monly left to international tribunals for determination, in connection 
with, individual claims. 

The present misconception in regard to international law is 
largely due to the tacit but unfounded assumption that municipal 
law is well enforced in time of war. Preciselv the contrarv is the 
fact. There is indeed an ancient maxim of the common law. to the 
effect that in the midst of arms the laws are silent — Inter arnia silent 
leges. This maxim was not a creation of the fancy, but was merely 
an expression of the results of e.xperience. Law never has been 
and never will be found in a flourishing condition between firing 
lines, ^^'ar itself means that the reign of law has been superseded 
by a contention by force. During war the ordinarv law is con- 
stantly superseded by martial law. which has been defined as the 
“ will of the commander-in-chief : and while this does not mean an 
unregulated will, or mere caprice, it does signify the supplanting of 
the system by which rights are ordinarily regulated and enforced. 
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The fact is not today tjencrally appreciateii that the fund.,iniental 
guarantees of perMJiial hheriy were >et a'i'Je in the L nued States 
during the Citil \\ ;ir. and tlnit the people li\ed under ;i inihttirv 
dictatorship. A henevolent dict;itur.~h’p u ma\' ha\e heeii and no 
doubt genertilly w.i'-. hut it wu' iieverthclo' a <!'ctatnr'hip. When, 
soon after the outbreak of the war, a citizen of the 'late of .Mar\- 
l.and, which had not .'CCeded front the Union, 'oueht to a\a.i! hnu'e-lf 
of the writ of habeti' corpus, the inttr'b.al of the court who .'ought 
to serve tb.e writ was infonued by tlie mditary otficer w 'no held tlie 
prisoner in custody th.at he look liis order' not front the court' but 
from the War Department at Wtisliington. Tlte nietming of this 
was that the constitutional guarantees of person. d hl>ertv were 
susp'divled : ani.1 grave 'tatesnien went so f;ir tis to annriunce that 
they approved tlte course of tlie aduninistraiion ju.-t in proportion ;is 
it disregarded the law. There were nittny pet'ons ;.t ih.e time who 
thought that the Cjnstitutirin of the T'nited Sta.tC' ha.d come to an 
end. just as many persons ;,re now saying iliat internarrinal Ititv h.as 
come to an end. The eiifticuliy with such persons is thtit tltev look 
for law between firing lines, tuid regard a leniporarv phtise as a 
permanent condition. 

I do not hesitate to affirm that the violations of international law 
during the present conflict in Europe, fierce and wide extended as it 
is. have not exceeded, either in number or in importance, those that 
occurred during the wars growing out of the French Revolution 
and the succeeding Xapoleonic Wars. In reality, manv recent viola- 
tions. which are commonly supposed to be new, have precise prece- 
dents or analogies in what took place in the former titanic struggle, 
in which there were extensions of the contraband list and interfer- 
ences with commerce under pretences of blockade, just as there have 
been during the present great struggle. These things are done, not 
because of any uncertainty as to the law, hut because the parties to 
the war, being engaged in a life and death contention bv force, 
naturally think more of their own safety than of the interests of 
neutral nations. 

Xor is there in these things any reason for discouragement as to 
the future of international law. As the ordinary rules of inter- 
course have in all previous conflicts been more or less disregarded, 
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according' to the exigency or the inteii-^ity of pre.-^^ure, fo it has been 
found that, when the incidents of the struggle came to be surveyed, 
there arose a general desire to extend the domain of law. to define 
its rules more clearly, anti to take niea=ures for their more effectual 
enforcement. This was what happened after the Thirty Years’ 
War. The sa.nie thing occurred after the clo>e of the war> growing 
out of the Sp.anish Succes,-i(ai. It hap]iened again after the close of 
the Xapoleori'c \\'ars ; and a similar phenomenon distingui'hed the 
ending of the Crimean \\’ar. Many of the mournful lucubrations 
regarding violations of international law in the present war have, 
consciously or unconsciously. partisan character, and are intended 
to further the intere.sts of the one side or the other. We should be 
on our guartl against such lamentations. They are by no mean,= new 
in character : they arc characteristic of all wars. All armed contents 
are characterized by charges and countercharges of violations of 
law. and such charges are ptirtly false and ])artly true. There never 
took place, and never will take place, a contention by force in which 
the so-called rules of war were not violated. War itself means the 
killing and maiming of human beings, and. in the pa'sions it excites 
and the fears it creates, excesses will inevitably be committed. It is 
in the nature of things that it .should be so. 

Judging, therefore, by the past, we are justified in looking for- 
ward to important developments in international law after the 
present great conflict shall have been ended. These developments 
will naturallv take place along the ordinary lines of legal progress. 
In the first place, there will always be ditterences to be settled. 
This is a matter of primary importance, since it involves the avoid- 
ance of conflict and the preservation of peaceful conditions of legal 
growth. We may call this the judicial aspect, which has been dealt 
with chiefly through international arbitration. 

Rut. in the second place, while law must he interpreted, it must 
also be progressive, and must keep pace with changes in conditions. 
The greater part of international law has been developed through 
usage, but. during the past hundred vears, it has undergone a marked 
development through acts which were in their nature legislative. To 
what extent is it po.ssil)le to enlarge and render more efficient the leg- 
islative method in the international sphere? Up to the present time. 
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the chief objtacle has been the reijuirenieiit uf miaii’.niit\ . Act? 
which ?eemeJ to be beiieliceiil ha\ e been bluckeil becau-e twn cr 
three pLiwers, ur perhtip? one power, relU'ed to a-'cnt to them. 

In tile third place, we have the admiiii'tratn e .I'pect of tlu 
system. Is it pO'?ible to ilewelop ;ni\ ihiipt; in the ntitnre of tin inter- 
national admini'tration ? We know th.at in certtiin matter?, ?uch m 
that of the po-t? and ih.e lelestraph. marked protfre" Ita? been made 
in that direction. The itre.it ilit’riciiltv ari'C- when we come to deal 
with things of a contetition' nature W e h.ive lieard ti great detd of 
'■international police" An e.xaininatton of wh.at Iko iieeti -tiid on 
the subject must be admitleil often to betray tin eNceedingiv ?light 
comprehension of fundamental con(litions >o far a- the phrase 
" internationtil police" iniplie? the u-e of force, it ituolve? the most 
serious of all problem? with which the -tudiem of iiuerntitiontil 
affairs and the state'inan can l.te confronted. The tt'e of force 
effectively is a mtitter that retidily a-'iime- imnien'c piviportions ; 
the use of force inettcctively may readily create a condition of 
anarchy. 

Lastly, we are brought to the coimnlertition of the iiuestiriu ti? to 
whether and to what extent it is possible, by means of organiztition, 
to secure the more effective development, interpretatirm and en- 
forcement of international law. It is not a new question, but it i- a 
very serious and difficult one. Europe has been trying for hundreds 
of years to find a solution of it, but has not yet succeeded. The 
mere as'ociation of nation^, as they now exist, in an alliance or 
league, with a view to bring force to bear upon a recalcitrant nation 
as readily as it can be applied to a recalcitrant individual in a muni- 
cipality. would of itself afford little as-urance either of cft’ectiveness 
or of permanency. The difficulties arc too comple.x to be solved bv 
any single agency. 

CoLUMBI.A L'xIVERSITV, 

-\pril, 1916 
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II 

THE JL'DICLXE ASPECT ( )F TXTERXATK )X.\E L.UV.— 

ARCITRATIDX. 


By CHARLEMAGNE TOWER. A.R.. LL D 

Whilst the principles of international law have been enlarging 
their influence ami developing, in their applicaticin to the great 
variety of questicns which have arisen from time to time out of the 
ailvance of civiliztition during the past hundred years, and their 
authority has been continuously extended as the result of a wider 
reccignition throipghout th.e worM, by mutual agreement, of the rights 
of one people, in its international and sovereign capacity, toward an- 
other people, no means of promoting harmony h.as been discovered 
which has proved to be so efficient as the recourse to arbitration in 
the settlement of international disputes. 

The employment of it in the nineteenth century increased at cer- 
tain periods with such rapidity that it lias been shown by a compara- 
tive statement to have doubled in the number of cases in each period 
of ten years in comparison with that of the same length of time 
immediately preceding it; and if we were to enumerate the nations 
which have submitted their disagreements to its adjustment we 
should include not only the United States but the great Powers of 
Europe as well — Great Britain. France. Austria-Hungary. Italy. Ger- 
many and Russia, as also almost every country in the world — for 
instance, we should have, besides Spain, Denmark. Belgium, Hol- 
land. Norway and Sweden — Turkey. Greece. Persia. China. Japan, 
iMexico and all the republics of Central and South America. 

Statesmen of all the cabinets of the world have turned to this 
method of arriving at conclusions which shall safeguard national 
honor and content public opinion on both sides of a controversy, 
without a breach of international relations and without recourse to 
the force of arms. 

We must admit, unhappily, from the evidence that is forced upon 
us by the spectacle of the great conllict now going on amongst the 
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nation.' of Europe, that arhitratii'n has lu'it been able al\\a\s to pre- 
vent war: tliat, even with it' co.nciliati'iry pri)Cc=,'CS of meSiiation and 
intervention, it has been swept a'id.e by war: that nothin" has been 
devised which, in the present attitude of t'lie pecipies of th.e earth in 
their relati ns tii each ot’ner. anil in t’.ie e.Kistin" cond.it'ons i.f t'.ie 
human mind, can abi.li>h war. Hut. just as interna* icmal iaa i’.'elf 
if forcesl hetoml a piveii point ;s found to h;i\e its limitation'. .'O its 
coinpnn.ent parts, of which arbitration i' i re, can not be expected to 
attain tc th.at which, no Inintan apeitcc has as yet nt.uie possili'.e. 

Tliat it is a metii"d cif avoiding conilict tindt j rc.'fiw in," peace, 
tltere can Ite no possible d.oubt : n 'T can we fad to adnr.it its efttcacy 
when we consider Iiow frepuentlt h.eretof.-.rc it has mterw ne i! timiiist 
the passions of men. and hciw. even in cur ciwn cti'C. w’.ien the in- 
terests tmd temper of t’.te people were clrawin," theui to the ver,£::e cif 
a conflict it has turned aside freim us the friglufttl disaster of a 
modern war. 

It mat' be said, ind.ecd. with honor to th.e ,t;crerr.r,s purposes c f 
the .-\merican jieople in their public dealings with oti'cr naf.ons, that 
this principle of fair and just consideration of th.e claims of right 
on both sides has been taken as the basis upon which th.ey have 
rested their contentions in the international controversies that have 
presented themselves, ever since tlie estabiisltment of the indepeiid.ence 
of the United States, 

It appears in the plan for the adjustment of the rlittercnces sub- 
sisting between ourselves and Great Britain immediatelv after th.e 
Revolutionary War, and for the establishment of our boundary lines 
along the River St. Croix mentioned in the treaty of peace : and we 
see it in the provision made by IMr. Jay's treaty, to that end. in 1704, 
that the disputed questions should be referred to the final decision 
of commissioners, one of whom is to be ajipointed bv the King of 
Great Britain, fine by the President of the United States, by and 
with the advice and consent of the Senate, and these two commis- 
sioners are to agree upon the choice of a third; or, if they can not 
so agree, they shall each propose one per.son. and of the two names 
so proposed one shall be drawn by lot in the jiresence of the two 
original commissioners. The three commissioners -o appointed sliall 
be sworn impartially to examine and decide the =aid question, ac- 
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cording to such evidence as shall respectively he laid before them on 
the part of the British government and of the United States. 

W'e have here the principles of arhitrtd adjustment fully devel- 
oped at the outset, and we have employed it repeatedly in the same 
manner through an exceedingly interesting and important series of 
negotiations by which not only the St. Croix dispute was adjusted, 
but the whole houndarv line along our nerthern frontier has been 
established, from th.e Atlantic ocean to the Pacific; the northeastern 
boundary bv Mr. Webster and Lord Ashburton in 1842, — the line 
from the Great Lakes to the Rocky Mountains, and from thence to 
the ocean So tliat when the San Juan water boundary was finally 
determined by the decision of the Gerntan Emperor, as arbitrator, 
in 1S72, General Grant was able to report to Congress in his annual 
me='age, in Decen'ber rf that year, that: 

" This aw.ird cenhrms the United States in their claim to the important 
islands lying between the Cor.tinent ami \'anoouver's Island. , . . and leaves 
us, for the first time m the liistory of the United States as a nation, without 
a question of disputed boundary bctueeii our territory and the possessions of 
Great Britain on this continent " 

The success of this kind of negotiation, and perhaps a growing 
habit of thoiyght which resulted from it and attached itself to it. 
very naturally increased the value, as it also extended the influence 
upon men's minds, of the advantages to everybody concerned, that is 
to be gained through the amicable adjustment of internaticna! dis- 
putes where that course is possible. Thus it came to be generally 
accepted, that arbitration is the most direct and effective method of 
settling such controversies, especially in cases where actual national 
integrity or national h.or.or is not at stake ; and the immediate effect 
of this was made evident by the greatly increased ratio of arbitral 
adjustment, alreadv noted, in the course of the nineteenth centurv, in 
which substantially all the nations of the world have taken part. 

The high point was reached, however, one may safelv sav, in 
considering all the circumstances, that the greatest political and moral 
result that the world had ever seen to come out of an international 
settlement was attained by the Geneva Tribunal in its composure of 
the difficulties then existing between the L'nited States and Great 
Britain which had arisen out of the .-llnbaina claims, both on account 
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of the extrcnieh’ t^rave >itiiaLi()n in which, the i\V''i iiati'iii' I'Uini! 
themselves, the Jelicaev i the relation^ in\.>'.veii \sir.ch t^aicheil the 
national price of each in a manner ip-iite capable of pti nincin't acts 
of hostilitv at an\' moment, aiiil the inauirtance .'f t ’.e (!ne't^)n^ nt 
riijht and of injury which were actually at i"Ue as the cati'C of th.e 
dispute. In som.c respect' also the itroundi w.is new ; and tliis was 
an untraveki] r.ad which 'cemed at the tune t" be ouite imip' 'S~;b!e 
of apprrcicli. even after the inducements hehl <iui by th.e L luted 
States government. Mr. A'lams announced:, in fact, m hi.' note to 
the British I'oreign oftice that he w a.' ; "directed: to say th.it there is 
no fair and erpiitable form of ccmventional arbitra'tient to wh.icii the 
United States would not be willing' to submit " 

But. even after the lajoe of two years, Lord Ru^sel^s miiiil was 
still .'0 completely m revcilt again.'t th.e idica that it coiuld be prissible 
for Great Britain to entrust t'.'> the deci^ic'n of a f reign power 'Ucli 
a delicate (luestion .:f natiotial responsibility, that he declared ab- 
ruptly : 

"It appears to her Majtjtj's goternnieiu that there are but two iiues- 
tions by which the claim of compensation ceaihi be tested; t'ce one- i' ■ Have 
the Britnsh government acted with due d:l.;acnce-. m g i.hI faith and Ir.inejte, 
in the maintenance of the neutrality they proclaimed? The other n: Have- 
the law officers of the Crown properly underst.r.od the- f. ircgn enlistment act. 
when they declined, in June. iS6a. t..-) ad\isc the- de-:e-n:l"n and se-izure of the 
Alabama f 

" Neither of these questions could be put to a f. -.reign government with 
any regard to the dignity and character of the Britisli Crown and th.e British 
nation, Her Majesty’s g.oeernment are- the Sole guardians of their own 
honor. They cannot admit that they hate acted with bad faith in maintaining 
the neutrality they profe.ssed The law officers of the Crown must be held to 
be better interpreters of a British statute than any foreign goiernmcnt can 
be pre-sumed to he. Her Majesty’s government must decline to make repara- 
tion and compensation for the captures made by the Alabaiiia ” 

On our side, in the meantime, klr. Seward reflected, in his in- 
structions to klr. Adams, the intensely strong national feeling and 
the determination of the whole American jjcople, when he declared 
that there was not a member of the government nor. -o far a- he 
knew, any citizen of the United States who expected that this c aintrv 
would in any case waive its demand ujion the Briti-h government 
for the redress of wrongs committed in violation of international 
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law: "the nias'ivt.' grievance," a' Mr. Sumner ^aid. "under which 
the ciiuntrv had sutVered for year?, and the painful ^en^e of wrong 
planted in the nati--nal heart." 

It must be lo'ikeii upon as the triumph of international for- 
bearance and of the willingnes? upon the jiart of the two nations 
to coinpoSL- amicably their ditlerences, which turned asidw the menace 
and ree-tablished j'eaceful relations at the moment when we were 
up.n tile brink of war. It^ intlueitce and its lasting moral etiect 
were unijuestionabl v greater, mit only as between ourselves and 
tireat llritain but also in their direct bearing upon all the Pow ers of 
the w<''rld. than could prr>bal)ly have been produced by any result 
obtainable through the arbiiramsiu (.o' war. The most remarkable 
instance m thi' cmiiieciion is ]ierha]is tlie agreement reached in regard 
to tlie famrius " Tliree Rules" of the Treaty of Washington relat- 
ing to the " due diligence" that a neutral government is bound to 
employ in preventing belligerent cruisers frcmi arming and equipping 
or from departing from its waters, which was the basis of the Amer- 
ican case relating to the .iiabaiiia claims. F:r the British commis- 
sioners were tinally instructed to declare that they could not assent 
to those rules as a statement of principles of international law in 
force at the time when the .-Habaiiia claims arose, btit that 

■■ Her Majesty's government, in order to evince its desire of strengthening 
the friendly relations between the two countries and of making satisfactory 
provision for the future, a.greed that in deciding tlie questions between the 
two countries arising out of thove claims, the arbitrator should assume that 
her Majesty's government had undertaken to act upon the principles set forth 
in the rules in question." 

Thus it was possible to employ the method of arbitration in order 
to prepare a common meeting-ground upon which the nations could 
approach each other as equal.s. and treat withoiut prejudice — each 
recognizing the right of the other to present its claims as thev ap- 
peared from its own national point of view, and to seek justice. 

Probably nothing of the kind had ever intiuenced the world like 
it before; and it marks a stage of progress from which the world 
can never recede; for arbitration is a growth which in the affairs 
of men indicates the advancing steps of civilization. 

We have, of course, as the great example and proof of this, the 
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conferences at the Hague, to which the natii'n- uent in iSow ami 
IQ07. ready to make concessions each of it' own pc. r-i.mal interests 
in t'ne effort tc > attain to results beneficial to ail. 

Whilst tlie reduction of the heav_\ burden of the ar-ranieiits then 
renting upon the peoples i:f Ifurope was t'ne motive of the [-'mperor 
cif Russia in calling the I'irst Conference logetiier. and whiCt the 
Lonference did not lind it^elf tible even to bring that 'Ubieci to 
serious cc'insideratinn by the Powers, it reached I'efim.te result' in 
other dirccticns which must be regarded a' \er_\ remarkable 'tep' 
forward in the prtegress of mankind. 

W ith its memorable declaration tb.tit. '' in e.rder to i bviate as much 
as possible the recourse to force in th.e relations between states, the 
contracting Powers agree to use their best eftV.rts to insure the 
pacific settlement of international disi'iitcs:" and ” far the puig'Cise 
of facilitating immeiliaie recianrse to arbitration in ca.-es which h.ave 
not yielded to diplomatic effiert." tlie c'cnference estahli.'h.ed a per- 
manent court, accessible at all times and crmpeient for all arbitral 
ciuestions, as a world tribunal bef'are wiiieh natiriiis mav appear as 
litigants and have their cases Iiearu. 

The Conference of ipoy enlarged the field of |-ieaceful endeavor 
still further by jiroviding for more extemk-d ettorts toward arbitral 
adjustment through the goed offices and mediation of C'ther Powers: 
so that. 

"in case nf serious disagreement or dispute, before r.n appeal to arms, the 
Powers agree to have recourse, as far as circumstauces wi!! permit, to tr.e 
good offices or mediation of one or more friendly P...\vcts. And, indepen- 
dently of this recourse, the contracting Powers deem ii e.xpedient and desir- 
able that one or more Powers, .strangers to the dispute, sho.ulii, on their own 
initiative and as far as circumstances may allow, proffer ti'.eir .gvinr! nffices or 
mediation to tb.e states in conflict ; ” 


a very great variance from the older customs of Europe wliich is of 
especial importance because of the concessions which it implies. 
For. in tlie extreme sen-itiveness of natii'nal honor and the jcalouslv 
guarded distinction of national personality, a war was looked upon 
formerly as a subject that related solely to the belligerents engaged 
and their friends and allies, in which no one would venture to inter- 
fere who was not interested in it, any more than one would inter- 
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fere with the participant.-^ tind their re-pective .^eC'.nds in a duel, 
e.xpecting not to he considered impertinent or not to give cilTence. 

Ihit tile Conference agreed, ami this marks the enlargement of 
human thought, iliai Towers which are strangers to the dispute may 
take the initiative, that they ^ha!l have the right to offer their good 
offices or mediatic.n. e\ en d.uring the course cif hiostilities : an.l that the 
e.xercise of this right can ne\er be regarded h> either of the parties 
in dispute as an unfriendly act. 

The part of tlie nied.iator ceii'i.'ts in reconciling tlie opposing 
claims and tippea'ing th.c feelings of resentment whicli mav have 
ari-en between tile states at variance. 

'1 ho judicial element of international law lias ilius become, in a 
sense, tlie parainmint inthience in th.e establishment and adjustment 
of iiiternaticma! relations. It is this which will i.iirect th.e cciiirse of 
such relations in liie future: andi upon it will be largely built up the 
international law of th.e future. Tlie Conferences a: the Hague have 
erected a new and substantial fabric ; sC' that we have now. provided 
by its court of arbitration, a tribunal of recegnized competence and 
fi-xed rules of procedure, open to all: whilst the contracting rowe-rs 
formally agreed, at its inception, that th.e award of the court of arbi- 
tration, duly proiic.unced, " puts an end to the dispute definitely and 
without appeal." 

Our own government entered during Hr. Rooscveh's adminis- 
tration, whilst IM;-. Root was Secretary of State, into separate con- 
ventions with several of the great European Powers. Great Britain, 
for instance, France. Spain. Russia, and with the republics of Stuth 
America, which provide, under regulations agreed to at the Hague, 
that 


■■ Difference; which may arise of a legal nature, or relating to the inter- 
pretation of treaties existing between the two contracting parties, and which 
it may not have been pos;i1)!e to settle by diplomaccc shall be referred to 
the permanent court of arbitration, provided that they do not affect the vital 
interests, the independence, or the honor of the two contracting states, and 
do not concern the interests of third parties. 

“ In each individual case, however, before appealing to the permanent 
court, the contracting parties shall conclude a special agreement defining the 
matter in dispute, the scope of the powers of the arbitrators and the periods 
to be fixed for the formation of the arbitral tribunal and the several stages 
of the procedure. Each of these special agreements must be made, however, 
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under rhe term? tit tr.e>c treatic?, by tbe i’rt^ident i-f iLe L mien >lale' \Nith 
the ad\ice and ceiifeni of the Senate" 

It i? iiitere'tiiig to note tlitit. frenn the point of \ie\v of the frmeign 
relation? with tl’.e people.? eif eilher countne?. the g' Nernn’.ent of the 
United State? ha' taken part iii jirocee'ltng? in arhitration, where 
awards have been made by tlie arbitrator?, in ca-e? tdioetethcr ; 
for example, with I' ranee 2 . with Ru??ia i. with .''pain (>. with 
Great Britain 17. with Germany i. with. China S- B.razil 3. etc . 

and the re~ult? of the?e different Settlement? are \ery well worth 
notice al'o in this connection; fcir. the ageregate co' all tliC'C award? 
is .Si (2.8 '5.000. 00. of which about ?ixt}-nir.e million? were in our 
favor, and about twenty-four millicir.s against u? So that, taken 
altogether, nearly 75 per cent, of all the award.? have been mad.c in 
favor of the claim? of the United State? gcivernment. ami 25 per 
cent. oppo?ed to them. 

So much for arbitratic-n in the past. If we look forward th.e 
future presents many [iroblem? to the sttitesmen and jmlges and 
lawyers of all the Power?, which will have to be met by them when 
order has been restored cnce more and men resume the habit? of 
civilized life after this period of conflict which we are now passing 
through. The world require? order and tranquillity as the condi- 
tions under which civilization may continue to progress. After 
all the sacrifice, and all the terrible suffering and distress entailed by 
this armed conflict, in spite of the courage and devotion and patriot- 
ism so freely shown on every side, the one prominent intellectual 
gain that we and all men hope to see a? the result, will be the con- 
viction of the futility of war, and renewed confidence in the jirccept? 
of international law. The rule? of adjustment and forbearance and 
concession which led the nation? to the Blague, must be re>tcired and 
must point the way again during our generation, let u? hope, and 
for beyond our day. to international well-being through the aid of 
law and justice and arbitration of disputes, with mutual respect, 
toward the peace of the world. 

Philadbillphia, 

April, 1916. 
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III 


legislative aseects. 

By GEORGE GRAFTOX WILSOX. A.M . Pn D.. LL.D. 

It is peculiarly fitting that the legi.slative a.'pects of international 
law .should be presented before a philosophical society. In true in- 
ternationtd law there must be some classes of rights which may from 
their nature be regarded as resting upon philosophical bases. Cer- 
tain laws are recognized as binding among states because they appeal 
to mankind as having a sound foundation in human reason. Inter- 
national law so far as resting on such ideas as sovereignty and equal- 
ity of states must find support in philosophical concepts. Similarly, 
in international legislation a view that may be called philosophical 
must be taken. 

The early writers often sought a philosophical basis in the law 
of nature which might be discovered in the dictates of right reason- 
ing. dictates not to be arbitrarily set aside even by deity which had 
created the reasoning faculty. Thinkers have realized that interna- 
tional law must make an appeal to the mind of mankind rather than 
to that of men of a single type. From the very nature of the law as 
international it must receive the approval of representatives of states 
differing widely in fundamental ideals and national policies. 

The nature of the state, which is the person in international law, 
determines the scope of the law and the range of international legis- 
lation. The state being a political entity responds and must re- 
spond to stimuli which are political. There is then involved in in- 
ternational legislation the question as to what is for the public well- 
being in contradiction at times with what may be for the well-being 
of a given individual or group of individuals. The degree to 
which different states will consider the well-being of individuals 
within the state will again be a political question determined by 
the degree of participation which the individual may have in state 
affairs. Accordingly when international law is formulated with 
view to application to a few homogeneous states, its range mav be 
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wule becai:.-e the C'-Ut.'-cn-iis w :11 he hirt;e, wltilc atu-iiiiits to reaeh 
an atrrcenicnt titnoui,'' many heteio 'Lteiie' itt' ^tate- w I'.i re-nlt in the 
lessening of the range of leyi'hni' ni. Ih.i' ''.nkniL;!'. e\t- 

Lleiit III ?ueh an tittenigt a.' that in piiNate mternati nial 'a\\ . s - 
calleh. wh.ere th.c ] t. ' pi '--itii 'ii to innfv llie laws '.■! irarr aite ami 
ilu'cree ha> iieen ina'le. An attenip: winch Ini' ir S met w it'-i e. 'in- 
plete .'t'.cecS' e\en a’l-ong th.e rea'i 'iiahly h. '•niigi-aeinm 'tate.' of the • 
United Sttitcs could Itar'ily he ?ucce"ful among ;i;e nati'it'. 

Tile representatives in power amoiig th.e 'tatC' of tiie world arc 
usually desirous Cif rctaing th.e peoitieit' wh.ich they may for the 
time be occupying. Tiiey tlierefore usually give heed to .\h.at seem,' 
he the tvil! of the .'tate Tlie >tate heing ti political eiititv 'ceks 
what it regtirdis as adivamagenus to itself. 'I'lii' wim part!cn’a''!y 
true when ail foreigners were regard.e'l r.' htirhiirtaU' or a- euemie?. 
and the i'lca ^:.li is vetw potent. Ind.eed. there are few state-' even 
now winch w ottld 'acriltce tl'cmseAes for ih.o go di -f the worldi at 
large, and th.cir repre.'enttitivos are g'tverue-l acc' ir'h.ngly. W'h.ile 
the utility tlieory nia_\ h.ave d.i'tippctire-l itt '.>m.e fieMs i-if th.ought, 

It has not disappeared in internati . ntil afr'air'. Ilenihatr.'s intluence 
is no: merely evident in the name internatimoa! law. but al'O in ntany 
of its foundatiems. 

If. then, international legislation must iargelv rest upon the recog- 
nition of advantages to be gained or t'O be hoped for and if the in- 
terests of states are in fact or supposedly antagonistic, this legisla- 
tion will be limited in scope L>n the other hand, in so far as states 
can be shown that their interests are common and that action or re- 
strictient of actiem is of advantage to all. the scope of international 
legi.'lation will be extended. Presumably the w'dl-being of a m- .ilern 
state would be closelv bound with the well-being of its citizens 
whether this be embodied in the formula “life, liberty, and the pur- 
suit of happiness " or in other words. 

Legislatiim usually refers not to the general idea of right and jus- 
tice but to what is enacted as in the idea of lex. lot Geset::. .Vccord- 
ingly the legislative aspects of international law are .somewhat strictlv 
limited. If then international legislation be considered nierelv as 
that body of principles formulated by agreement among states, the 
application of the above propositions is evident. 
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The destruction of life withuut ailvantage ta an}- state was one 
of the first matter^ to receive attentii n as a .■subject fijr a formulated 
international agreement. This pro])! isition iliat a 'tate should not 
take or sacrifice lives of men withfiut coinniensurate advantage would 
seem alnanst self e\iilent. Yet the first international agreement re- 
lating to this matter to receive general assent was concluded in 1S64, 
->and known as the (fieneva Convention for the Ameliioration of the 
Condition of AN'ounded in Annies in the Field. The reprcsen- 
ttitives of twelve Furuperin states stared in the preamble their pur- 
pose to be to mitigate "the evils inseparable from war. to suppress 
useless severities, and to atise’.i.. rate the condfition of scikliers wounded 
on the field of battle." It would seem a long time for th.e world 
to wait for such legislation. Thi' Geneva Convention of 1864. 
which pn.ivideil for the immunity of the hospital corps, was imt im- 
nieiliately ratified, however, d'he L'liited States did not adhere to 
this Convention till 1882, and this was the only international agree- 
ment of general scope and relating to war to which even the United 
States became a party before the end of the nineteenth centurv. a 
fact seeming to indicate that there is difficulty in international legis- 
lation. 

In regard to property there had been propositions and formal 
declarations which had become embodied in law. The Declaration 
of Paris of 1856 received the approval of many states, and by this 
Declaration { i ) privateering was prohibited: 12) neutral goods and 
enemy goods under a neutral flag were protected; and ( 3) paper and 
ineft’ective blockades were discouraged, but the United States did not 
adhere to this Declaration, though announcing in the Spanish Amer- 
ican war in 18148 that it proposed to observe tlte principles of the 
Declaration. 

Other matters became increasinglv the subject of international 
legislation, and before the end of the nineteenth centurv, general con- 
ventional agreements had lieen made and signed by a large number of 
states acting together upon such i^iatters as an " International Bureau 
of Y eights and Aleasures'' ( IMetric System), 1875: "International 
Protection of Industrial Property. 1883: " Protection of Submarine 
Cables " ( in time of peace 1. 18S4 ; " Exchange of (Official Documents, 
Scientific and Literary Publications," 1886; " Repressis n of African 
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Slave Trade.” ]8<)0: “ I'urmation of an Intcrnatii nal L'niun feir the 
rublieation of Cnstt.'nns Tariff." iSiio: :ind " Reijiilatiuii of Liiporta- 
tioii of Spiritiioi!.' Liiiuor.' into Certtiiii Region.' of Afrieti.” 

Such iiiternatiuiial ap'reeiiients became a p;irt of th.e written law of 
nations, hut covered only a very small part of the entire held lY' inter- 
national relations in peace and war. 

Toward th.e end of the nineteenth century there was de\ eloping 
an idea that tliere sheuld be a wider common tigreement among the 
states of the world upC'n matters of common interest andi that the 
will of tlte-e 'tatc' should be formulated in conventions. Plainly, 
if the nations cy‘ the world constituted a family the rules of action 
for its members might be stated. The family idea had been ad- 
vanced as the basis for international rehiiic'ns and the membership 
in the family had gradually enlargedi. It was craning to be believed 
that the nation.- had sufficient unity of interest and willingness to act 
together to enlarge the scope of international agreement. This 
was in a somewhat comprehensive way put to the test in 1809. 

\\’hile th.e L’nited States and Spain were .-till at war. at the diplo- 
matic reception of August 12. 1898. at St. Petersburg. Count Moura- 
vieff. Russian imperial mini-ter of frireign affairs, delivered to th.e 
representatives of the Powers a communication from Plis Majesty 
the Czar. The nature of the document gave ri=e to surprise, but 
its character and source demanded immediate attention. IMention- 
ing the competition in development of means of international com- 
bat and the effect of this competition upon the states of the worrld. 
he proposed an international conference, saying that 

'■ To put an end to these increasin.s; armaments, and to find means for 
avoidintf the calamities which menace the entire world, that is the supreme 
duty which lies iipcin all nations." 

The United States replied that 

" Thnutth war with Spain renders it impracticable for ii< to consider the 
present reduction of our armaments, which even now are doubtless far below 
the measure which principal European, powers w.iuld be willing to adopt, 
the President cordially concurs in the spirit of the proposal r,f His Imperial 
Majesty.’’ 

Another circular was presented to the Powers on Tanuarv ii, 
1890, containing a tentative program. This program sntrogsted 



WILSOX— LEGISLATIVE ASPECTS. 


309 


agreement upon ( i ) limitation of armaments : ( 2 ) restrictions upon 
new methods of warfare: (3) prohibition of firing from balloons; 
(4) prohibition of submarines and rams; (51 adaptation of prin- 
ciples of Geneva Convention of 1804 to naval warfare; ( 0 ) neutrali- 
zation for vessels saving those overboard after battles at sea: (7) 
revision of rules of war in land: and (8) acceptance of principles 
of mediation and arbitration with view to preventing armed conflicts. 

It will be observed that of these eight t-ipics suggested, seven look 
to furthering peace by limitations upon the conduct of war. and the 
last topic suggests a quasi-legal method of furthering the movement 
toward peace. 

The international conference suggested by the Czar and repre- 
senting twenty-six Powers met on the 20th of iMay. 1899. in the 
House in the \A'oods in the quaintly beautiful Dutch city. The Hague, 
and remained in session a little more than two months. It is known 
as the First Hague Peace Conference. The Conference drew up 
three conventions, three declarations, one resolution, and six wishes: 
Conventions ( i ) for the pacific settlement of international disputes 
by means of good offices and mediation, commissions of inquiry and 
arbitration: (2') regarding the laws and customs of war on land; 
(31 adaptation of Geneva Convention of 1S64 to maritime warfare; 
Declarations ( i ) prohibiting tlie discharge of projectiles from bal- 
loons ; ( 2 I the use of projectiles for tlie diffusion of deleterious or 
asphyxiating gases; (3! the use of expanding bullets; Resolution- 
affirming the desirability of the restriction of military budgets: 
W ishes for further consideration of various matters upon which the 
Conference had not reached agreement. The last topic upon the 
program suggested by the Czar, had become the first Convention of 
the First Plague Conference, or the furtlierance of the aim of peace 
by means quasi-legal in character assumed a foremost place in the 
results of these deliberations at The Hague; and the first item in 
the program, the attainment of international peace through the re- 
striction of the means by which each nation had hitherto maintained 
its rights, viz: effective armament, became the subject of a resolu- 
tion and a w ish. The last had become first. The Conference had 
asserted its confidence in the law as the methed for settling interna- 
tional disputes. 
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W hile mam' ca't riiHoii'c iii'nn tl:c ta.i- I".:-': ( or. lerciua* 

at Tile Hat;iK', ■'tale-'. lioucNcr. "railiiaiA a<! '[itci! tile i omniMon' 
drawn lip in ao,! a law tor rati 'n' I'eiiin- ratr'\ Or.’.wn i-i il'.e 

r^pre'CiUatiita-- of tbe ^tate- a-'cmliVd; i. r ti'at pvrj'o-i- hcra'i’c a 
laL't. 

There i'o!!.>,\l-i! eit;iK _\ear- latir a See md; 1 Lillie I 'I'lerence 
w'ldcli frrtlKr clairrated; aiii! f. riiiu'..;:e'! eo-r, eir.’.or.'d, aeree-rent', 
and to rill' coiiiereiKa ■ epre >enua;!\ e ' of !■ r:\ lor.r oi the 'tati.' oi 
the W'orhi came. p‘'.V!n!a ttr.-ple exidiei'Ci. ot [ia ter. Tnci t i accert t' e 
principle of ii.teniaii ‘iitd k.u'-lalion So-ce of ti'e >'o;;\en;! mil 
ayreeinent.-i have l-cen te'ied. in tile c tV'c of vear- d' e coimi i — 
tahli.'iied for t’le ■'ettlement of n'teriiatioi’.a.l d.!-o;■,•.^> h,,^ atimiud; a 
recngrnted <tand.ino t'a.'e' at'uc;ir;.c ad ; art- ■ f ti e wofhi a’ld 'ii re 
than one t'.iirdi of tr.e natir.n' of ;ia -c, o-d ; itase tihati'i} incn di^cakd!, 
Many prmcip'e.' I'ave been m.vo'we'. 'fie tiwarh.- accajited. nnh.e'i- 
tatinel}' h:a\'e teotcl th.e .'tretiyt'.i of t''e law. 

The .^eC.'St'i Ilaetie phi;; fereiice. InnMino' r.yon t'le letf'diti n al- 
ready form.nlatcd;. endear r.redi to extet'di it- -coj e. Am'''na the 
projio?iiic,n.; which have not hec-n ad;.'.ptcdi :;5 yet into the law of 
nati'vn' war that e-tahli^h an internatiomil prize court. This 
propositic.n was !;enerally apprewed in principle thou.yh ;i satisfactory 
mctiioJ of jelcctiL.n of jiulye^ wa- not d.evi-cdi. To .'Uiipleniein this 
prize court c.nventicin an attempt was niadic hy ten maritime na- 
tirns in loo.'^ipoo at tlie Internati.'inal Xaval Conference at Lond.on 
to formulate the lawr wliich the cc-urt rh.cmld applr'. The Declara- 
tion of Londrm of 1009 embodied tlie labors I'T this Conference. 

Xot merely in these broad national matters has the f.cnnulatien 
of the law' progressed, but in recent year? many ,^uch matter- as the 
following have become subject of general international agreements: 
literary and artistic cojiyrights. looz; sanitary mea^ure=, ic;03: white 
slavery, ip'O-f: potent drugs, 1906. 

\\'hile right-, person-, and propierty. and juri-dictiun on land 
and sea earlier had received attcnticn. in m.jre recent years the use 
of the air has been the subject of international regulation as in the 
conventions of 1906 and 1912. To the la-t of the,-e convention- the 
representative- of about forty non-American political unities affixed 
their signature-, many of the larger state- allowing here, a- in some 
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other conventions, jiarticipation in the formulation of the law to the 
divisions of which the state er.tity was coinpo'ed. The legislation 
thus restetl upon a broader l);tse than in many conventiens of earlier 
years. 

The progress in the aj piication of the hiw for naticins has been 
exceedinglv rapid. Ca'CS which have delied the best efforts of 
diplomacy for generations have been 'c-ttled b_\ due jcocess of law 
in a few weeks. Ca.-e' which might Itave re-u’.ted in loi’g and disas- 
trous international contention h:ive been re'olved in the light of law. 
Where recourse to legtd settlement of disputes was in earlier times 
the last resort, it has beccime tite first, and not merely the parties to 
the controversy may begin the action, hut third parties may of right 
biig,gcst or even tr} to bring tile I'anie- to submit the case to the 
deci'iein c f the c 'urt. 

A glance at conventions 'ince lAyi will sliow how rapid is the 
formiilatii’in of the law tor natiems. These international laws, in 
adilition to many private matters, cover tlie pacific settlement of in- 
ternational disputes, limitation cf the employment of force in the 
collection of contract dclns. laws for war on land, rights and duties 
of neutral power- and per.-cn- in war on land, status of enemy mer- 
chant shijts at the outhreak of hi’-tilities. the transformation of mer- 
chant -liips into warships, the laying of automatic contact submarine 
mines, bombardment by naval forces in time of war. care of .-ick and 
wounded in time of war. rights ami d.uties of h.i'Si'ital -Inps, e.xercise 
of right of ca].)ture in maritime war. prciliilntion of disch.arge of pro- 
jectiles. fruin hallo: ns, rights and duties, of neutra! powers in time of 
war, the establishment of an international prize court, and the law 
for its guidance. 

The pio^gress of the development of a law f'.rr nations within the 
years since i8<jS, when the first proposition ( f the Czar was put 
forward, has been greater than the progress in the tivo hundred and 
fifty years preceding from the epi chir.aking treatv of ^^'estphalia 
in 1648 to the year 1808. 

At the end of the nineteenth century, conventional international 
law covered but little of the possible field of international comention ; 
now Itut a small part of the field is not covercil by formal written 
agreement, having after ratification the force oif law not merelv in 
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the duiiie^tic cuurt,' but in the eourt for thi. nation^ which will ad- 
judicate the de\elii|iine; \olunie of international law. the court which 
is to be the crowniiiit ni'tiiution of the iiidicad -.tcni- oi th.e world. 

H.crvakd L'.n'w ! K'! I V. 

.-\.pr:l. loio 


1 \'. 

IXTi'.RXWTK )X.\L .\1 )M 1 X 1 S TR.Xr b )X 

lA. PHILIP M.\K>H.\LL I'.Ui AWX .\ M, 

Janies Lorinier. that \i,c;oron-. and nio-t .'tinuilatina Sci.iich. 
publici't. treatiiw of the ([iie'tion of worM orura-nization. ri.nia.rked 
more than thirt}' year' ayo thtit : 

"The grt-;.; inirmcnien; i in ;'.'e way 'f the eras:'.; -nai 

junsprirlcncc I . . i? tc.e la.iicle cau.'e L\ the d^’>:s of a-iM, ao.Me 

sehemes which cuinher "Ur .c.’.'l :'r"m tla.-e it ii'.U't !■>. '-ur fir't effort 

to clear it 

Among the " inijios.'ibk' ,'chenie' " nui't probably be included 
Lorimer’.s own earnest attempt to .solve this great problem which 
he characterized as The Ultimate Prolilem of International Juris- 
prudence. 

Starting with the assumption that international order is to be 
secured in very much the same \v;iv a^ national order, he savs : 

“Savages are incapahlc of municijial organization l.e\ond it.s mi.ot rudi- 
mentary stages; and yet it is by means of municipal organizatii.ins tliat men 
cease to be savages." 

Following out the logic of his uncomplimentary analogy between 
nations and savages Lorimer reaches the conclusion that an inter- 
national legislature, judiciary, and executive are required to secure 
that order and freedom among nations which he holds to be the aim 
of international law. Candor compels him to admit that 

“ progress in the direction of the ideal by ineatij uf mutual aid. regulated by 
positive law, though possible within the state may be impossible bevond it : 
the ultimate problem of international jurisprudence, while demonstrably 
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inc\itabltj. may be demonstrably insoluble. The se'icnce of jurisprudence, 
when prosecuted m the directum of the law of nations, may end m a rcdiictio 
ad jb^urdiiin." 

Xcvcrtheless, Lorimer has the courage to believe in an international 
administration of law comparable to the enforcement of municipal 
law. 

Imnianuel Kant, presenting another “impossible scheme” in his 
memorable esstiy on " I’erpettial Peace," also asserts that: 

" Xaticins must renounce as indniduah hate renounced, the anarchical 
freedom of sataitcs, and submit thcniseltcs to Coercitc laws: thus forming a 
Community of nations (cif.'us 'jcmium) which may ultimately e-vtcnd so as 
to include all the peopR-s of the earth" 

Kant is careful, however, to define his conintunity of nations as 
meaning " a federation of peoples, but not necessarily an inter- 
national state." He furthermore concedes th;it : 

"This juristic slate imist arise from some sort of compact. This com- 
pact however must not be based on compulsory laws like that lying at the 
basis of a state; it must ratlier be that of a permanent free association, like 
the abu\e mentioned federation of d.lTerent states.’’ 

It would seem that Kant, in his instinctive aversion to a universal 
state possessing coercive powers, revealed a better understanding of 
the facts of international e.xistence than Lorimer. The trouble with 
many such attempt.s to deal with international problems would seem 
clearly to be that confusion of thought must always arise whenever 
we try to reason by analogy between nations and individuals. This 
is evident in considering questions of honor, morality, and par- 
ticularly so in treating of the international functions of the state. 

In considering the problem of international administration, we 
ought clearly to recognize at the outset that nations do not meet 
together and intermingle in a community a^ do individuals. They 
do not merge their interests as savages renouncing anarchical free- 
dom. They do not agree on common conceptions either of legal or 
moral rights and obligations ; choose their own magistrates ; accept 
the rule of the majority : and for mutual advantage submit to the 
benign rule of a common sovereign. 

Individuals have every reason to come intimately together in the 
daily pursuit of a vital community of interests. Through their 
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political ori,'anizatioii thc_\ nia_\ ^ccurc rcail\ aial Lticcf.tL clicck- on 
the ahtl.'e i f power li\ let^wlatiire, jt'.ilc;e'. aihl exi.ciili\e A- Ini,. 
intettral pa.rt< ut a rtnntcip.il i ir^atr.za.lii iii. •l1ic\ ca:! reeul.ite. alu r. 
aboli>h. and cr<..ne anew the natioind -tatt uithm which they liave 
chosen to nierye their inlere^t~. 

It is oliviou- tha.t hardK a.nv of tin-- rta-oinny c.pplw-- to ttiter- 
national rekitioii'. d he nio^i thait iia.tion-. ie.ilon- o; iIkt nilecrriiv. 
and consc'.oti' of their ex;ilte<l n!i"ion'. tt'k <n i.ich otiKr iri.eiloni 
to achieve their own worthy eiuA Tlial freeclnni i' to lie loiind 
in separate existence, not in cotnn'unU'. ex'-tuice' in a iniitua! 
rcognitinn of each othsr'- interc't-. no; m cor',r''.n 

sovereign. They canii' l po'-ihly ticcept tile id;,.a of a '■r .■•'...'.■i and 
kiw imposing, a^ does municipal ktw . trtitig rc-triction-, co’np'.icatt. 1 
obligations, or punitive ordinance' 11. e truth, of ;ln- 1 m' !n.en 
exceedingly well expressed by Keni'cli. iti ure'”.e t'x i ' I'e-^ o, ,,i 
codporative action between natirai'. wlieii b.e sto - : 

" Any attempt to urge stateJ art; ri v. .:c. s'- a 

on the mere plea of the nr.crest eo' mti. rra; ■ v. ■ , -..r, ; . 

jeopardize the normal deveh.'pmen; .md u’.tan.c.e i',-..x-es' ; i: •, an .t m '.i- 

ment which is one ■■f the in.'ist n.-aa’.k riiwi met a ■ f ti e er.t .n v. i \u. ..re 

living. Xor should we e.xpect .-ttate^ re-ae.P.y to e'' e rp t''a: •' -i ','i- 

determinanon, c.f freely sek-e-tine; their me.-.r.' r-e-'.h. "A a-.'l e w 

constitutes the essence of political s- ereient; . e'-e'--.a.'. u Liei- 

own interest, a participation in commor. actaci may he. t'-e- .-fll re''-!,!-; t'.'e 
principal guardians of human rights ami intere'ts and ru.yh.: I'lerei re t -i 
retain to tliemselves the nece'sary frtede'm of action v. lie'.; siic : a trii't 
requires.’' 

The desire to convert international law into sitf>-imaunn:[\ law 
arises probably from the Austinian cnnceiit of the need of a -uperior 
sanction to law. a concept which has nliscureil the iinjiound fact 
that the law of nations is of a distinctly dilYerent character from 
municipal law. 

It may be truly affirmed that the /c.r acntiuin is of a more ele- 
vated nature. Applying as it does inter yentes, it does not tippeal 
to the policeman: it appeals to rea'On itself, to the seii'e of epuitv. 
to a higher moral consciousness. It is based solirllv on the (lolden 
Rule interpreted in an imperative, utilitarian, and ethical sense, as 
enlightened self-interest. It is simpdy the recognition of mutual 
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intcrcbts, of common lej^al ri.s:ht^ and oblis^ations. And the ba-'ic 
sanction of the law of natii ii' consi't- in the con.'ciousness of what 
Garei< ha' ci'inci^ely stated as "anticipated advantages of reciprocity 

well as fear of retaliation.” 

It would seem clear therefore that what is needed is not a 
'Overeign international (irganization to create, interpret, and enforce 
law. The need i' rather of a coni]ilete. just, understanding between 
nations as to what constitutes their mutual interests. 

Inlernationrd congre'^e.' and conferences as adjuncts to diplom- 
acy are greatly to be favored in order to accoiiijtli'h this great eitd. 
The functions of vuch conferences are of two kinds; one. political — 
and this the most fundamental — to determine the respective rights 
of nationalities in till thtit is eS'eniittl to their free develojtment ; 
ami the other, legi'lative. in nr<ler to fonuuhae the law which shall 
safeguard these rights. 

The csttibli'hnient of ;m international .tribunal as the supreme 
court of a])peal when doubts tirise concerning the interpretation of 
these laws is of course a logietd necessity. It is by no means clear, 
however, that such a tribuntd should possess coercive power, anv 
more than in the case of the Supreme Court of the United States in 
controversies between .'ttites. 

It may safely be asserted as a general principle that any compul- 
sion of a nation that does not appeal to enlightened self-interest may 
prove a grave menace : and where enlightened self-interest exists 
there is no need of compul'ion. .\t any rate, in a normal state of 
international order e.-tabli-hed on a mutual recognition of dehnitelv 
formulated interests, if a recalcitrant nation should need coercion or 
chastisement, such an unwelcome ta^k might better be performed 
through some such limitccl agency as an alliance of nations, whether 
openly avowed or in the disgui^ed form of the proposed League to 
Enforce Peace. Power of such threatening proportions could never 
readily be entrusted by nati"ns to the free action of a genuine inter- 
national executive. 

If the preceding reasoning he accepted as sound: if we concede 
that international law has no pretence to be J/U^'iJnational law; that 
it invokes no sovereign sanction, hut appeals to the enlightened self- 
interest of states : then an international executive becomes unneces- 
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sary and even abhorrent. It would have a ihankle.'.- ta^k, and 
prove a constant cause of friction, a means of unju't coercion, a 
menace to national sensibilities and convictions. 

The (.[uestion naturally arises: how then is international law to 
be efficicntlv administered? The answer, however, 'Cems obviou' ; 
it is to be administered by national agencies, d'he court' of most 
nations are generally sympathetic to the law of nations. It is of 
pointed interest to note that even now. in the midst of this fearful 
war, the Supreme Court of the German Empire shoulil have 'Cen 
fit to protect the patent rights of a French national actually fighting 
in the trenches in the defence of France! 

When a court applies international law as a part of municipal 
law there can hardly be any doubt as to the intrinsic value of that 
law. The difficulty is not in the nature of the law of nations, or in 
its enforcement. It lies in the failure of nations to formulate th:it 
law with precision, or to provide an adeijuate body of law covering 
the wide range of subjects which so often give rise to international 
litigation. 

This is particularly evident in th.at branch of international law — 
which is truly an integral part — well characterized as Conflict "f 
Laws. The grounds for these conflicts should be removed. The 
rights of aliens in their sojournings and wanderings as citizens of 
the world should be defined by mutual agreement. The rights of 
foreign creditors should be clearly determined. So likewise in 
regard to what may be termed international torts, where aliens are 
wronged by acts of the state. 

This great ta=k remains in large measure to be performed through 
diplomatic agreements, conferences, and. if you will, through inter- 
national legislation. The problem of the administration of this law 
may safely be left to national courts under the .'afeguard, in some 
instances, of an appeal to an international court. 

There is no sound reason for believing that nations actuallv 
prefer recourse to war, or even to reprisals, in order to settle differ- 
ences of a clearly justiciable nature. The present war has demon- 
strated all too eloquently the horrors, the awful cost, and the follv 
of litigation by force of arms. If the just political aspirations and 
national rights of states are satisfactorily gratified and determined. 
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the b-crioiis grouiKh for international litigation by force will be 
effectively rcmoveil. Thi> can be done neither by the imperious 
will of a coiKjuerur nor of an international sovereign executive. It 
can only be acconiplidied through mutual concession^, by the free 
will and consent of nations. 

It may be thought that in eliminating the possibility of an inter- 
national administration through the agency of a supreme e.xecutive, 
we have virtually e.xcluded the possibility of anv international ad- 
ministrati' 'll whatever. But this is far from being the case. On the 
contrary, a survey of the already existing agencies for international 
administratioit proves most suggestive and encouraging. 

For example, the Eurojjcan Danube Commission has been of 
very great value in time of itetice in the regulation of the ittternational 
commerce of the state' bordering on the river, as well as of other 
states represented on the Commission. 

The administration of the Suez Canal in time of peace has been 
of an international character, though as long as England controls 
Egypt, it would be obviously a fiction to affirm that this waterway 
was truly internationalized. 

Tangiers may properly be denoted as an international city, ad- 
ministered as it is by representatives of various Powers. Its situa- 
tion. however, is quite abnormal, constituting a species of niodits 
I'iz'cndi in the light of the conflicting ambitions of France and 
Spain, the Powers most vitally concerned. 

A most interesting problem awaiting solution at the outbreak 
of the great war in 1914 was the disposition of the icy island of 
Spitzbergen, where the presence of coal deposits allured foreigners 
of various nationalities, and required the establishment of 'Ome 
form of municipal administration. It is understood that some such 
anomaly was agreed upon in principle, though the precedent of the 
codoiniiiiuui of Samoa by England, Germany, and the United States 
certainly does not augur well for the success of another codominlutn 
in Spitzbergen. 

We are perhaps bound in this connection to speculate somewhat 
on the possibility of the internationalization of Constantinople and 
the two neighboring straits. It may be conceded that an interna- 
tional administration bv officials of some such nationalitv as the 
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Swiss might jirove fe;i>il)lc of orgtniizatuiii ami m upci'a- 

tion. From the politictil jioint uf \iew. Imwcter. .'iie!'. an arra.nge- 
meiit could hardl_\ sati'fv in the !• ni; run the ;iiiih'i!i ,n-- nt Ku"ia 
t(_) hold ill her own hand-; the he-t natural >;ate\\a\ to the Finpire. 
The uncertainty that an international tidir.ini'tratiMii \', mile! he aide, 
though willing, to effectively guarantee the 'ecurilt -md the UiCirtiC' 
demanded b\ ;o gretit an I'-iiipire. \\oul>l doulitle" con-iiaiin Rn."!.! 
to vigoroU'lv oppose an\' 'itch tirrangeine’U, Ihiueier tl..,: I'.an 
he, if it he granted that L'oit'tantinople tiud it- appiaeiclw' -liiuld 
he internatiriiKilized. such an tirrangeuiettt would he nece"aril_\ of 
an ahnornitd, exceptioiKi! chttrticier. 

Other ahiKirmal fcirnm of interntition.al adimini'iiMtinn are to 
he found in the foreign Sanitary ISotird, ;iuJ the Deite ruiilipue of 
Constantinople, Imposed on the Turk' to guard tigain-t d,angeroU' 
epidemics, ami to protect the fn.tucitd. hitere't' of Fu'i pe.-U in- 
vestors, the.-e two iii'titution', re'pectively, h.ave heeii an ttliricu to 
( Ittoman national jiritle, and ctinnrit ckiiiu ;i peruKinent e.xi'Unce 
The Dette Puhlique, inciJent<'dI_v, rai^e' the interesting quesfon 
whether there ?hould be an intcrntitional htuikruptc}' law which 
would permit of placing an entire nation in the h.amls of recei.'ers 
for the benefit of all forei,gn creditors, instead of tlie hand.' tif the 
loan sharks of one nation which for jiolincal rea'r.U' mtw have 
encouraged such loans. The Sanittiry Board, likewise. <ugge't= the 
fiue'tion whether nations 'hould not be authorized to intervene in 
the altairs of any nation which may be criminally negligent in 
matters involvin,g the health of neighboring peoples. 

Other special instances of abnormal admini'tration are to lie 
found in the mixed courts of F.gypt for the trial of ca'Cs altecting 
foreigners, and in the foreign settlement' of Shanghai, Canton, and 
Ticnt'in. It is certainly of intere-;t to note that in count rie' where 
extraterritorial privileges still exist, foreiguers have fouml effective 
wavs, even while their respective nations arc at war, to tidniini-ter 
their commrm municipial settlement', and adjudictite their legrd dif- 
ferences. Such arrangements, however — it mu't he repeated — can 
onlv be regarded as temporary and excejitioutd in character. 

Of much more vital interest and signihcance from the point of 
view of international administration are those numcrou.' ami highlv 
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irtant organizations known as P’ublic International Lnions 
wliich have to do with such matters a- Communication. Ivconomic 
Inierot.'. Saniltition. Ikilice I’owers, Scientific, and other purposes, 

'I'liC'e Unions may he characterized, perhaps, as non-political, 
and non-lucr;itive. as oppissed to tdliances or contmercitil under- 
t;ikinp>. A mere eimmenition of certtiin of these tnyencies i? most 
sus;ee>tive. The Tele”r;ipliic Union. The Universal Po-ltil Union, 
d he International Union of Kailwae I'reii,tht Transpijrtation. 1 he 
Union for the I’roteci'.on of Indn-tritil Property. Works of Litera- 
ture :md Art, The Interntitiontil Led Unjs-. all of which have their 
home in S\\ itzerkind, have heen ticcompli.'hiii"' mo^t henelicial results 
in their -pecial liekL. 'I'hcre are td'o the Metric Union in Paris, 
the Agricultural Institute in Rome, the Intentational Maritime Office 
at Zanzihtir for the snppres^ion of the slave tnide. the Permanent 
Ofttce of the Su”;ir Convention, the Intermitiontil Oftice of Customs 
Ttiriffs, ;ind the Interparliamenttiry Union at BrusseU. C)f a ilis- 
tinct character anil importance is the Bureau of Arbitration at The 
Ha.Q'ue. 

^^'hen one considers the wide rang'e of ^uhjects of so o'reat im- 
portance to the peoples of the different nations, the imagination is 
stirred with the possibilities of -uch agencies for purposes of inter- 
national administration. In just such normal, reasonable ways are 
the peoples of the earth best able to advance their common interests 
and facilitate that mutual umlcrstanding which must lie at the very 
base of international law. In a similar way the unlimited array of 
scientific, literary, religious, industrial, economic and other societies 
organized between nation- will also contribute incalculablv to the 
breaking down of prejudices and the " perfection of the relatioits 
between states" which, according to Lorimer. is the true purpose of 
international law. Diplomacv and law itself are spared consider- 
able strain and friction bv the creation of all these agncies. 

The most interesting anil pregnant suggestion has been put forth 
to the effect that a central international bureau might well be estab- 
lished in some such Olympic precinct as Switzerland to serve as 
the home of all the various public international unions, a kind of 
supreme "clearing house" for these and many of the other socie- 
ties and organizations having a non-political, non-lucrative purpose. 
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Such a sugso'tion woukl sccni to otYcr the mO't fruitiul ]u)"ihil'tie< 
from every point of view a- a practical niean< of helping i')n the 
cause of internationtil 'ohdarity. 

An international "cletirine; hou>e " which ha- in it tlie elements 
of s^retit promise is the Ptin-Anierican I'nion in Wa'lnnetici Here 
center the intere'ts of twentv-une American repuhlic'. If Canada 
could find the waiv to cemie in. this Union would compri'c eirtually 
the whole of the M e?tern I lemi>])here. a world in it'c!:. 'vt ap.art 
from the troubled worhU of ]'.urt>pe. A^ia. anil Africa. 

It is true that the Pan-American Union ;i' yet p^i^-e^'C' little- 
power of an :idministr;itive ntiture. Xevertheler' it exi-i- a- the 
tanjjible utterance of an ideal that m;iy ultimately he realized. 
There do not seem to he any insuperahle oh'tacle- in the way of 
conferring- increared powers on the Union to ;it least di'cu." qf.e-- 
tions of mutual interest to the ntitioiis concerned, or to recommend 
legislation or action which their relations may demand It is quite 
conceivable that the Union might even he given Icgi-kitive power to 
enact ad referendum, regulation.' tmd kiW' on specified topiC' .'Uch 
as intercommunication, trade, industry. :md other que.'tii'ns of a like 
character. Here might gradually be centered the routine admini'- 
tration of many matters, very much as is done now through the 
various international bureaus established in Switzerland. 

It is possible of course that .'Uch an organization through the 
natural accretion of administrative powers might take Cin junieihing 
of the character of an international executive. Mdiatever might be 
its ultimate evolution, by serving as a general " clearing house." a 
central common forum for discussion, suggestion, or even legisla- 
tion, the Pan-American Union would certainly prove of immense 
service in achieving some degree of international organiztitinn m at 
least this portion of a distracted world. 

By way of summary, I have endeavored within the nece^'arily 
restricted limits of thi^ paper to establish in rough and cur-orv out- 
line the following point>. 

I. There is no true analogv- between international ;ind municipal 
problems. Though nations niii.st need have recourse to wair ;it times, 
thev are not savages. The ends sought by individuaP within a com- 
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muiiity are very different from the ends sought by nations within 
the community of nations. 

II. International law is quite distinct in character from munic- 
ipal law. It is trulv international, and not j'H/'ranational. It does 
not appeal for its recognition and enforcement to a sovereign au- 
thority. It appeals to the sanction of enlightened self-interest, to 
"anticipated advantages of reciprocity as well as fear of retalia- 
tion.” Its enforcement must necessarily lie with national agencies 
though allowing for appeals in certain instances to some kind of 
authoritative international tribunal. 

III. The great need is, not of a sovereign enforcement of the 
law of nations, but of a much more comprehensive and definite 
formulation of that law. A clear understanding of the mutual 
interests of states which it is the object of international law to 
protect is urgently required. 

I\'. Diplomacy and international conferences can accomplish 
in the main the .great task of determining the rights and obligations 
of states, ami of providing the law which should apply in contro- 
versies and litigations involving these rights and obligations. 

X’ations cannot jeopardize the freedom ncessary for the 
achievement of their separate purposes and ideals by submitting to 
a common sovereign possessing coercive powers. An international 
executive thus becomes undesirable and repugnant, a menace to the 
legitimate aims and sensibilities of nations. 

\T. If an international executive is undesirable, there exist, 
however, other agencies of great importance for purposes of inter- 
national administration. The Universal Postal Union with its head- 
quarters in Switzerland is an excellent example. By utilizing and 
perfecting these agencies, by jirovidin.g a central international " clear- 
ing house” for the many non-political, non-lucrative interests of 
nations — the Pan-American Union, for example — international 
solidarity may be most cftectivclv attained. In like manner the en- 
couragement of international societies and congresses covering the 
entire field of human interests will be of immeasurable aid to the 
great cause of internationalism. 

In conclusion, therefore, we would do well to consider whether 
in our anxiety to accomplish something definite for the cause of 
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world peace, it would lie wi'C to aiunipt the creation of new inter- 
natioiud atfcncic'. Wduild it nut lie prudent to lollow l.orinierX 
inj’unction ;it;a.in't " inipio^ilile -chenie' ’ and to .i\o'd b.i- e.x.nnplc 
liy addin”' no more "(/c’r/a'” in tbe p.ithw.iv of nitern.uio-i.il jur'.'- 
prudence ? 

A\ e ctinm.it pre.-'Ume to forLtell or anticipate tite ilc'tnia - oi 
nations. .V world rttite ma\ \ el e\ol\e. \\ i. are not concernei! 
however with remote event- of a jiroiikmattctil. 'ecu'r.ttt e n iture. 
( )ur immediate duty would n- ■! appear to impo-e the cri,..t:on oi .1 
perfect ?cheme of world oroanizaiion Doe- it not rather con-i-l 
in the utilization and perfectii.m of the tiyencie- alre.idv at It.md ' 

PKI.N'CmnX L’.\l\! .K>!T^. 
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WCtRLD (■)R(d.\XIZ.\TI< »X. 

Rv I)A\'II) JAVXK HILL. AM. LLD 

That tliere is a legal h ml of relation-hip between the -overeign 
state- composing the society of nattr.n-. has been amply shciwn by 
the fh.sf.nguished speakers wh'.'i have already presented their views. 
That this is in some scii^e a fact, ii'.i competent authr'irity would deny; 
but in order to render it a secure basis for an eftectual organization 
Cif the civilized nations of the wcirld. it is necessary that there should 
be among them jiractical unanimity in accepting and maintaining a 
common understanding of the nature of this legal bond, and of the 
consequence- that should follow fn.nn it. 

Tin: CoxcitPTiox or Ciiristexdom. 

Rack of such a common understanfling there must be. as a con- 
dition of its e-xistence. some uniformity of conviction regarding the 
nature of the -tate, the scurce and extent of it- authority, and the 
normal purpose- and relations of separate political communities. 

The fir-t common ground of this kind was furnished bv Chris- 
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tianitv. lleforc its existence there were, indeed, certtiin generally ac- 
cepted juristic princii)Ie'. derived from the experience tif right and 
wrong in the conduct of neighijuring people.-; and an important con- 
trihution to the clearer aiijirehen-ion of them wti^ maiic hy the Stciic 
I)hilnsOi>hv, which w;is itself a fertile sunree of elementary legal 
ci'inccptions. But it wa- the seii-e of a wider community, inspired 
In' the po<-e"ion rf a common religion-, faith, iiuolving ideas of 
(lutv, fidelit^ tmd lionor. that ewentually made possible a nearer ap- 
proach than had ever before been made to the idea of an actual so- 
ciety of nations — a “ Chri-tenilom." in which all races of men were, 
or might become, partieijaants. 

The Society of ST.vTr..? .\,s DF.rixno r.v Suarez. 

Looking, as Christian princes did. to a common divine source of 
their authority, this feeling of community had in a certain degree long 
existed before its natural grounds were (.listinctly formulated. This 
was first done in the sixteenth century, in a passage of remark- 
able clearness and depth of insight, by the rortuguese theologian, 
Franciscus Suarez, who wrote: 

"The human race, howecer divided into various iieoples and kingdoms, 
has always not only its unity as a species but also a certain moral and quasi- 
political unity, pointed out by the natural precepts of mutual love and pity, 
which extends to all. even to forei.irners of any nation. Wherefore, although 
every perfect state, whether a republic or a kiiigdoin, is in itself a perfect 
community composed of its own members, -till each such state, viewed in 
relation to the human race, is in some measure a member of that universal 
unity. For those communities arc never singly so self-sufficing but that they 
stand in need of some mutual aid. society, and communion, sometimes for 
the improvement of their condition and their greater convenience, but some- 
times also for their moral necessity and need, as appears by experience For 
that reason, they are in need of some law by which they may be directed and 
rightly ordered in that kind of communion and society. And, although this 
is to a great e.xtent supplied by natural reason, yet it is not so supplied suffi- 
ciently and immediately for all purposes ; and, therefore, it has been possible 
for particular laws to be introduced by the practice of those nations. For 
just as custom introduced law in a state or province, so it was pos.sible for 
laws to be introduced in the whole human race by the habitual conduct of 
nations.’’ 
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It I' e'pe; .a. ' i-xn-t’A .it i' :■ "c :■ tx-aa’.’. I'lc fact, th.at 
ino't ' I tile iiix;.: la'-ject' f r a •.h.o:'"Vc';:a' ire ’.ceal ri'-eanizatirin of 
t'.ic wairb! I'.ave i.a ! tlxir ■■aie::'. ir. jari cf tinte when luitnan 
rea-nn an-i C' ixaicrce raw Ixcn rniwt,-.' :o nraitC't hv the infamies 
that acc'-Toar.y s-eat w Tan- it v. a.' th.at. in th.c mih.it of the 

fh.irt}' Year'" War. Tameric t'rnae pra.pM^et! t’xi: \'enice he chosen 
a' the [x-nrianent 'Cat C'f a cor[>< a.f an’ba='a'I - r? who 1)\' their votes 
^h.oiiii'I 'Cttle all Internationa! iMti'erence^ It was during the " Rob- 
ber Y'ar= '' of r,r)ui= XI\h that Y'illiam Penn, whom Monte-quieu 
has called " the moilern I-yctireais." propounded his plans for uni- 
versal peace. It was at the conclusicin of tlie ^trnggle for the SpamPh 
.^uccc^'i.jn that Fenelon prc'emerl to tlie Cimgress of Utrecht hi- 
famous dissertation, in which he said: 

" Xei.sliboring state- are not only under ulilieation to treat unc another 
according to the rules eU' justice and good faitli ; th.ey ungh.t in a'ldiuon, for 
their own safety, as well as for the eoinniou in;ere-t. tei form a kind of 
general society and republic" 

It was upon the same occasion, tliat the Ahhe dm- Saint-Pierre elab- 
orated his exten-ion of Sully’s alleged " Ureat Design," in which 

anticipating the present program of the League to Iln force Peace 
— he proposed nut only the -tihiiii— iuti of ditfercnccs to judi- 



1 1 ILL— WU RLO ORG AX IZ AT lO XL 


:]-2r> 

cial ik'ci'icin. l)ui iIk- tnial ain ilii'i ai ni iln- -t|iaratc ii'c i>i lorce. 
anil ihe aL''nLmctn thru, in ca-n ni a rnfii'al t' > I 'li't-rve irLaiics or 
to iil)i.-\’ tile rnlt.‘^ tnal iiiilLtnani' i'l'j', 'Cil. the mlur ira-niliLr' of the 
alhaiu'e 'hunh! conipei a ri.-’’raot"ry -<)\ cre.yn to ee'n-.ii'y hy arnnng 
nniiei'h ayain.'t him, and ciiaryiny 1'“' h.is aecutnu the expense of thi^ 
fiii'cihle eiin''ir.nnr. Anil it w.'i' ditrintt X'apoleon I’.aaiapaneX eon- 
qne>t of It;d\ , that Intnianiicl Kant \\ ri 'te hi' famiaus e''a_\’ on 
I'.iernal Peace. " 

Tin: Ifxxr.x.'iox nr Ccix?TiTrTiox-.\r.i>M. 

Tt i' quite natural, ih.erefure, that we .'hou'.d ;it this ptirticular time 
ex'perience a iimv intere't in t'lc ]ir,ili:c:r. of worhl ■‘■ritanization : for 
it is evident, not only that all ti'.e I'evioe' hiilurio prcipo'Cd for secur- 
ing internatii iiial ju-tice thrni-gh legal proceilure h.ave tltus far failed 
of acccmpli'hing tiieir purpo^e, but th.at the rescue of civilization 
from complete destruction depends upon S'.me new relation to be es- 
tablished between force and law. 

It is possible for almost any intelligent man familiar with modern 
constitutions to construct upon paper a plan of international organi- 
zation that most other intelligent men would ];robably agree was 
worthy of universal adoption, and which -ome intelligent men wouhl 
even affirm ought to be forcibly impiosed; lipon all mankind by a 
union of constitutional states. 

Some of us have hoped that the development of constitutional 
government throughout the world, if it had not already readied tliat 
point, would soon advance so far as to render it possible for states 
founded upon con-titutional itrinciples voluntarilv to extend the 
application of them, so that tliey might become operative between 
states as well as within their separate jurisdictions; for this is all 
that would lie required to e-tablish a constitution of civilization that 
would not efface or suppress the idea of nationality, but merely 
recognize all respou'ible state', great and small, as juridical persons, 
bound by their own structural principles to admit their limitations, 
their responsibililie', and their amenability, as local organs of justice, 
to that greater organism of wliich they wonld form a part. 
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I’.y ^ucli a proocihirc tlicrL- niiylit In- aiat u-Iation 

hetwacn law aial io cni()rweir.(.'nt ;liat o la a r ;1il 'olutinn 

of till.' prolik-ni; aial it is iioit t.i l)c i a .iilitoii t'.-.at it k in tlii' (liicctiain 
tluit we ma_\ .'cek fur a ^l'Iutiun. 

It imi.'t iKit lie u\ erlcii ikei!, Iiuwiwer. tnat. if \\ e are t ' pnamote 
wi.'rlil laryanization throiigli con'iitntiunali'n’. wc eann t lay in ainpi- 
cioiisly by abamloning it? prineiplc' : aial. li\ nieaio uf a i- reilile ini- 
positiuri of what we !ia)ipen to O'li'i.ler : ■ he law anh in'iiee, really 
substitute for the anarchy we heiilure liie inipi. riah.'n’ we -huuM 
thereby embrace. 

An empire fonndeii npun ;i 'Icclarati' n ■ f the riylr.' n{ man 
would, indeed, he prcfertihle to tt condition ..f anarchy and \ioknce: 
but we have no a'surance that such an empire c.tn lung exi't, W’h.at 
we know historica11\ of imperial guvern-eent' p es irc encourage 
such an expectation. The} eitlwr ik-velop intci despi itk-rs, as the 
Roman Empire did, or radically change their character .aiui become 
democracies, \\'e have an example of the latter procc'S m tite trans- 
formation now taking place in the l’.r:t''h Empire, Ih.ir the first 
time the British colonies are persistently referred to a? " antono- 
mous”; and this word has been used in tlii' scn-e b}- a cunservtuive 
member of the government. Mr. Bonar I. aw. speakirg for the 
cabinet upon an official cccasion ; when he made the interesting state- 
ment, that what had been impossible before the war will be easv 
after it, and that the relation of the colonies to the mothcr-countrv 
would never again be what it was before. In fact, it is a confed- 
eration of antonomous states, rather than an empire in tlie jiroper 
sense, that is coming into existence in what has lieen kin uvn as the 
British Empire. 

It is in this modification of the conception of sovereignty wliich 

must yet endure even greater modifications — tliat we find a r^roiind 
of hope for a permanent and pacific organization of mankind. Un- 
less we start out with the iiostiilate. that the State is founded upon 
the inherent right.? of its citizen?; and, therefore, reaches its limits 
of authority where their collective rights of safety and possession 
end, we shall have no con'triictive principle upon which to base a 
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hotter org;iniz;iti(in of the wnrlil. The right of -ttperior aggressive 
foirce once admitted, no matter hnw nuhle and elewited it' aims may 
be, imperiali.'in lias trinmjiheil : and, if imperiali.'m i' to triumph, 
it will create its own rules of action in defiance of international law. 

The ,\xt-\ooxism of tiu: L'nxmTixuTiox.M. Axn THE Tmperi.\l 

.\s the ba.'is of any practicable 'cheme of world organization, it 
is necessary to lay down the jiostnlate, that everv free comnninitv of 
men may form a government for the protcctic.n of their inherent 
rights. But this fundamental ]iolitical right, which we call bv the 
ambiguous name " .sovereignty," is by no means an unlimited right. 
It is necessaril}' limited by the similar right of other coexistent com- 
munities : ami, from the coimitutional js'diit of view, it is further 
limited by the fact that there are inherent personal rights, which no 
government may justly take away. 

I am aware that a contrary view is held, which maintains the 
unlimited right of majorities to determine what the law mav be: 
but, upon this principle, it is evident that the greater Powers, simply 
by the preponderant weight of numbers, might wholly extinguish 
the smaller nations. That is the theory of imperialism, which claims 
an unlimited right of national expansion, restrained only bv the 
measure of power to carry it into execution. Its motto is iMight 
makes right." 

Constitutionalism, on the contrarv, proceeds upon the principle 
that local liberty should be secured by general law. It is opposed 
to forcible aggression, and resorts to fcirce onlv in its own defense. 
It accords to a neighbor the same rights that are claimed by itself. 
It proposes a gradual substitution of law for force in the regulation 
of the world. 

The Outl.^wky of \'iolexck. 

Being itself a piroduct of a long jirocess of social evolution, and 
deiiendent for its very existence upon those growths of mind and 
character that qualify men for self-government, constitutionalism 
cannot expect an immediate or an easy triuiniih. It must patiently 
abide its time, until the nations .shall have actiuired the wisdom to 
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'■> lon^f ri' 'avaycry. hr.yanh.ay'L-. ;.;’a! aia'cri.hi ;.T.h.:ii >n.' h.i~uirb the 
peace atal orher of tiK worh.;. iIki'c can Ijc iim ir.ternatior.al pruyre^s. 
W'h.atewcr riylu?. or prLotiy'e. or ir.tir.er.ct- ai'.y naticai i'M''<.o'es tti- 
hia}'. it eiijc'V? becau.'c .-■...me"r.c ’.'ai' I’.crcnh.L-.l t'ncni. 

The Dl'tv of Xatioxai. Defex-se. 

-And ?o. after a general survey of international relations, we are 
Farced to the conclusion, that, between submission to injustice and 
the ability to defend the rights of a nation, there is no alternative. 
Thu there is still another aspect of the subject. The maintenance 
of the reign of law iit the world against aggression and violence must 
be regarded as a duty which every civilized naticio owes to every 
other, as well as to itself. Internatiunal law is our law. We Itave 
helped to make it: we hold our'Clves under cibligatioii m observe it: 
and we cannot, without moral delinquency, refuse to defeu.d it. 

So long as armed force is necessary to maintain human rights, it 
is incumbent upon us to furnish our contingent for their d.efense. It 
may be that a right course will be resented, and that the severance of 
diplomatic and commercial relations with a powerful nation might 
provoke an attack in response. \'cry well: then it becomes our 
duty, not only in defense of the reign of law, hut in our own de- 
fense, to be prepared to resist it. 
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I'ur this piirpi i-c it i.' (inl\ a ci ■iiiA-'-iuii nf fcebk-ne'S to depend 
iipnii alliance'. 'I'here i' ncv 'treiitttii ni a r' >pe of saiul. and no posi- 
ti\’e rc'ult can ciciil- 'Si tiic mere ad'iiti. 'll ■ f nuliiiio'. If conilict be- 
came.' nece"ary, 'onieniie nni>t bear tiie Inaiiit of it. The future 
peace and order of the world depend, ujjon th.e attitude of the great 
nations. 'I'o be ;t great nation, and at the same time to refuse to 
aS'Unie a great natiun'' la 'ponsibi’ities, i< a recreant evasion of ilut}’. 

Applying thi^ doctrine to tile l'nite<I States of America, our in- 
fluence for peace ;ind justice will lie in jiroporti"!! to our strength. 
If we are weak, iitir only safety lic' in 'ileiice : but in a great moment 
silence is dish.onorable. If we wouhl speak with effect, we mu?t be 
strong. A e do net require a great standing army, Init we should 
be able, in case of need, promptly to place in the field an army pro- 
portional to the nation's territorial extent : for it is that which we 
may be called upon to defend. I'.ut above all. we should be strong 
upon the sea; for it is there that the destinies of the world are to be 
determined. 

W'.’VSHI.XGTOX, 

April, 1916. 




HILL— WORLD ORGAXIZATIOX. 


3:19 


I' jr tli;= i)!;r[io?e it is only a coiiftssion of feebleness to depend 
up jii tdiiances. Tliere is no strength in a rope of sand, and no posi- 
ii\e re'V.lt ran c-jn:e of tlie mere adelitioii e.f nulliiie'. If cou.dict be- 
C'lU’.e' r.ece"ar\-. 'Omeone must bear the brunt of it. The future 
peace and. iirdier of the world dejiend upon the attitude of th.e great 
natiems. To be a great nation, anj at the same time to refuse to 
assiime a great nation's responsibilities, is a recreant evasion of duty. 

-\pphing th.is doctrine to the United .^tates of America, our in- 
duence for peace and justice will be in proportion to our strength.. 
If we are weak, our only safety lies in silence: but in a great moment 
silence is dishonorable. If we would speak with effect, we must be 
strong. W c do nch require a great standing ar;ny. but we should 
be able, in ca'e of need, promptly to place in the field an army pro- 
portional to tlie nation's territorial e.xtent : for it is that which we 
nia}' be called upon to defend. But above all. we sliould be strong 
upon the sea; for it is there that the destinies of the world are to be 
determined. 

W.KsHIXCTON-. 

.Apr:!, icir. 
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Acc(irili!;L; to tlic itrouji of liiol.oi^R-al theories of wir.o’i tlti. Wo- 
mantiian theory is the hc't example, lire pruei," of ayiae ’.rrc- 
versilile tinil ;>ro,t;re?scs always in one ilirection. Yountr niiii^’ii-hials 
arise from the genu plasm, that fountain of perpetu.al \outh. .anil 
once startcil on the path of development there is no turitiii't: liaek 
for them Imt they jto on inevittihly toward the one end — death. 
These theories neglect, however, to tell us why a part of the livins; 
protoplasm of a species should ditYerentiate. .tjrow old and die and 
another part remain perjtetutdly youii". and why. once started oti 
the downward path, there is no possihility of return for the develop- 
ing organism. 

Within recent years the suggestion has been made more than 
once that development may be a reversible jtroccss and the fact has 
been established beyond doubt, that at least many cells, even in the 
higher animals, may undergo more or less dedifierentiation as well 
as ditterentiation. Since aging or senescence is very evidently 
closelv associated somehow with the processes of development and 
differentiatii n we are then brought face to face with the question; 
can cells or organisms grow young as well as grow old? If re- 
juvenescence as well as senescence is a characteristic feature of life 
then we must expect to find that young cells or organisms arise, not 
from a perpetually young germ plasm, but from old cells or organ- 
isms through changes in the opposite direction from those wdtich 

constitute senescence. Life from this point of view is then :i cvcle 
consisting of alternating periods of senescence and rejuvenescence. 
If such age cycles exist, we should expect to find them in their sim- 
plest terms in the simple organisms, .’n my own ex|ierimental 
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attack on this prolilem I have been primarily concerned with these 
simple organisms. 

It has long been known that in the higher animals and man the 
most characteriNtic physiological feature of the process of senescence 
is a progressive decrease in the rate of metabolism, or of certain 
fundamental metabolic reactions from birth and undoubtedly from 
still earlier stages onward. This is accompanied, as iMinot and 
others have shown, by a decrease in the rate and final cessation of 
growth. 

In my own experiments on the lower animals I have found that 
a similar decrease in metabolic rate and rate of growth occurs dur- 
ing the life history. A very simple method has made it possible to 
use the metabolic condition to a very large degree as a criterion of 
physiological tige. This methoil dejtends on the fact that the sus- 
ceptibility to many, if not all. agents which kill by decreasing 
metabolisnt in one way or another, varies with the general metabolic 
rate. In concentrations of such agents which kill in the course of a 
few hours the individual with the higher metabolic rate is the more 
susceptible and dies sooner than the individual with lower rate. 
This method has been checked and controlled by various others in 
many ways and can be used very widely for comparing the metabolic 
condition of different individuals among the lower organisms. 

I have found that the general metabolic rate in the simple ani- 
mals, particularly in certain of the planarian worms which have 
been the chief experimental material, decreases from a very early 
stage of development on through life, as growth and development 
proceed. A progressive decrease in rate of growth also indicates 
that these animals undergo senescence. 

These planarians undergo a process of fission in nature in which 
the posterior body region separates off and becomes a new individual, 
but we do not need to wait for the occurrence of such fission, for 
we can induce the development of new individuals by cutting the 
animals into pieces. Itach piece develops a head at its anterior 
end, a tail at its posterior end, and undergoes more or less dedif- 
ferentiation and internal reorganization and usually develops into 
a new whole with the characteristic structure of the species, but 
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uf >tii;Lilcr than ihc inihvulu.tl fruiti tr.c i 'can wti' taken, 

the .'ize of tile' new iniliviilu.il ile] enelh’.a; on t’le -t/e of the piece 
In nnilerpotn^’ this rce'on-ititut’.on th.e piece ii'e- iip .1 par: oi n- lotn 
lioil\- ^u''^tc.nce as a ?ource of energy anil of th.e inw ce l in. iter:..! 
fornieii 

te.'t of ilie inetaholic conilniou of th.e new inilwi-hial ihu- 
fornieil 'holt.' that it is pliysiulot;icall> lounyer tliaii th.e tn.iiinal 
front wli'.cli tile p.iece wa.' taken, ami the stnalier tile fr.iction ot 
the orieina.l hoilv fn,im wliich it iletclopcl. tlie \ounuer ;t n l'> 
feeiliry it can be made to ,yrow. to tto thruu”h tlte life lii-torv ar.il 
to beconie old again, tind may then tianiin he cut into piece' w Ir.cli 
once more become young ind.iviiltttil'. timl tlti-; procc" can be c.m- 
ried on for a long time, probably imlefinite!}-. 1 litwe ctirrieii c.n 
experinient of this sort through twenty generation.', l.vide-ttly 
the process of reconstitution uf these pieces into new animals in 
some way brings about a greater or less decree of rejuvenescence 
Another experiment affords a clue as to th.e manner in wliich 
this rejuvenescence occurs. If the full-grown planarians which 
are ^5-30 mm. in length are deprived of food, they diu m.it the of 
starvation in a few days, but gradually become snitdlcr. and can be 
reduced to a length of a millimeter or less before death occurs. 
Tests of metabolic condition show that during this reduction the 
metabolic rate is increasing, the animals are growing younger. 
INIorphologically also they show indications of rejuvene'Ccnce. Bv 
feeding we can stop this process of rejuvenescence at anv time and 
make the animals begin to grow old again, and we can repeat this 
process again and again. 

In another species of planariati in which the length of the life 
cycle under ordinary conditions in nature is about two months, I 
have been able to keep the same individual worms alive and in 
essentially the same physiological condition for a much longer 
period than the usual length of life, simply by regulating quantitv 
and quality of food, f. c., the animals were fed just enough of the 
food, found by experience to be most suitable, to prevent reduc- 
tion in size and not enough to permit growth. With this procedure 
they remained in practically the same physiological condition, of 
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the 'tune |ihv--iu!i)'_;ical tit^e tluring neaiiv four yetir;, wliilc other 
member' of the 'time oritjiittil 'lock, fed jn the usual wtty. jjassed 
throu<t;h 'Onie tweiitv oenenuinu'. 

These experiment? tifford senne i'i'’;jht into the nt.itire of the 
proceS' of 'eiie'Cence ttiiil rejuvene'Cence. W’e see thtii when the 
tmim.al is adilinp; to it? jirotoplti'tnic subsirtuum by growth and 
irtiU' forming; it Ijv proee"L' of diiierentialion it i? preiwint^ old, 
but wlien it i' U'intj ujj preeioU'h. fornted protO[ila?mic material, 
tt' it doe' in reerin'titutior, ;i’id 'tarvtitioii. it is ttrotvin^ ounct- In 
the 'itnple triimal' where th.e 'trueturtd subsirtitum of ilte body 
built up under one 'ort of e'ondiii'ou' readily broker, ilown under 
other comltt’on' in th.e tdi'ence oi nutritt'ai. or m re.a ’wftu.tion. 
rejuvene'Cene'e occur' rea'hly ;iud m.ay ctirr}’ th.e animtd back td.mo't 
to embryi’inic stages, but the evoliuicin of ih.e hitrher forn'' i' verv 
evidentl}' associated, with a jih_\''i(.i!i-.t;ic;d. 'ttd'ilization th.e struc- 
tural substratum of th.e bodo ;md we hnd tltat in. na.n a-id. the 
mtimmals bodily rejuvenescence is a.pjitireutlv limited.. .V l;ir"e 
part of the structural substrtituin i' eitlier neit a'aiilabie for nutri- 
tive pur|'.oses or cannot be l.ireikon down rtipidtlv erous'h to suriplv 
the demand', and death occurs before anv great d.egree e.f rejuve- 
nescence has taken place in the bodiv as a whole. But th.at some 
slight degree of bodily rejuvenescence may occur even in man can- 
not he doubted. 

It is impossible to consider here all the various line' of evtdience, 
but it may be said that the facts at present avaiial.de mdiicate that 
senescence consists in a decrease in metabolic rate determined bv 
the changes in. and tlic progrcs.'ive accumulation of, the relatively 
Sitihle components of the protoplasmic substratum during growth, 
development tind differentiation. Rejuvenescence, cin the other 
hand, is an increase in metabolic rate determined bv the break- 
down of previoujly accumulated structural substances in ..lediffer- 
enliation, ?tarvaiion and rej>roiluciion and the development of new 
protoplasmic ?uli.'tancc in pkice of that eliminated. f\'e mav sav, 
in short, tluit the orgamTm grows old when the primitive embrvonic 
protoplasmic suli'iratum is modified or added to bv changes in the 
colloids and accumulation of relativelv 'table components hv growth 



334 


CHILD— AGE CYCLES AXD 


and Jift'crciuiation, so that the protoplasm becomes le^s active chem- 
icallv, and that it grows young when the protoplasm previou'ly thus 
modihed loses these modilrcations to a greater or le-;s extent and 
approaches or attains the primitive uiidiiterentitited or embryonic 
condition and becomes more active chemically. I he youngCbt 
jirotophnin is protoplasm reduced to its lowest terms as a colloid 
substratum of chemical reaction and aging occurs as this protoplasm 
is modihed bv changes in the colloids and accumuknion of relatively 
inactive substance. 

In the lower animals the processes of asexual reproduction are 
essentially similar to the reconstitution of pieces experimentally 
isolated and all such processes are accompanied by some degree 
of rejuvenescence. Even in the unicellular animals. I have found 
that every cell division with its accompanying processes of reor- 
ganization. giving rise to a new individual is accompanied by some 
increase in metabolic rate, i. c.. some degree of rejuvenescence. 
Under certain conditions senescence and rejuvenescence may bal- 
ance each other and asexual reproduction may continue indefinitely, 
while under other conditions the degree of rejuvenescence may not 
be sufficient to balance senescence in each generation, and in such 
cases a progressive race senescence occurs. 

Turning now to sexual or gametic reproduction, we must in- 
quire how it is related to the age cycle. The facts are these : the 
sex cells develop only at a very advanced stage of the senescence 
period of the individual, and in many of the lower animals sexual 
maturity can be experimentally prevented by keeping the animals 
physiologically young through asexual reproduction or reconstitu- 
tion or even periodic starvation. If the sex cells are perpetually 
young, undifferentiated cells it is not easy to account for the rela- 
tion between sexual maturity and advanced physiological age. 

As regards their morphological structure, the sex cells are 
among the most highly differentiated and specialized cells in the 
organism. The period of their development from the mother germ 
cells is a period of growth and dift'erentiation like that of the other 
parts of the organism during development. Physiologicallv also 
this period is a period of decreasing metabolic rate, of senescence 
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in all ca'e> thus far examined. In thori, boih morphological and 
pln siological evidence force us to the conclusion that the mature sex 
cells or yametes are highly diflerentiated, phy.'.iologically old cells. 

It has l)cen >ho\vu hv Loeh, \\ arhitrg and others, that an in- 
crea^e in the rate of oxidation follows fertilization and W arburg 
has ?liown further th;tt an acceleration of the oxidation-rate con- 
tinues through the cleavage stages and at least to the swimming 
larval sttige in the sea urchin. I have found that in :dl forms 
examined thus far. includin.g echinoderms, annelids, fishes and am- 
phibia, the increase in susceptibility during early development indi- 
cates that the rate of metabolic reaction increases up to a certain 
stage of development and then begins to decrease. All the facts at 
hand then indicate that the early period of embryonic development 
is a period of physiological rejuvenescence. Morphologically also 
it is a period of dedilterentiation. The highly specialized structure 
of the egg is lost and the cells gradually become unditterentiated 
or embryonic in appearance. 

In fact the evidence indicates very clearly that the sexual repro- 
ductive cells or gametes represent the final stages in a period of 
differentiation and senescence, that their union initiates a process 
of rejuvenescence which continues through the early stages of em- 
bryonic development and is followed again, as the differentiation 
and accumulation of structural substance overbalance dediff'eren- 
tiation and reduction, by a period of senescence which may be prac- 
tically continuous throughout the life of the individual as in the 
higher animals and man. or which may be interrupted or balanced 
by pjeriods of rejuvenescence connected with asexual reproduction 
and other processes, as in many lower forms. The stage of most 
extreme youth is not then at the beginning of embryonic develop- 
ment but at some later stage, varying in different animals and in 
diff'erent tissues of the same body. 

If these conclusions are correct there is no .germ plasm in the 
sense of a perpetually young protoplasm handed on from genera- 
tion to generation, but the organism undergoes .growth, differentia- 
tion and senescence as a whole and in both ase.xual and sexual re- 
production rejuvenescence occurs. In the higher animals and man 
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sexual roproLiucUdn is ihe onlv prucess aiiil the 'cx ccIA ihc unK' 
Cells in which any very , Croat docroo of reiiu en.O'Cenct,* occur- in 
nature, hut in the lower forms all cell- of the ho.h,- r.'Cit lutderoo 
rejuvenescence a^ well :is senescence in ti-exitti! reproihiciion , -no- 
vation, a.Uil vttrious other processes. Mven in tlie ntantnai!- .nn! 
m;in, however, eviilence is accumulatinc thtit ttt le.i-t ittant of ;'nc 
tissue cells nitty uiniergo a considerahlc tlegree of CiLiii!Yeren.t'..it'.on 
and rejuvenescence under proper conihtion- and, with, tlie funh.er 
development of experimental technique we mtiy expect further ei i- 
dence tilong this line. 

If this pioint of view is correct, life, so ftir a,- t'ge is concer-'ed., 
is a periotlic cycle in which senescence alterntites with rehiveiics- 
cence. The periods of growth and differentiatiisn, in short of de- 
velopment, are the periods of senescence, the perioils of ded.n'feren- 
tiation ami reduction, the periods of rejuvenescence, I: can he 
shown further that in at least many cases the process of senescence 
hy decreasing the effectiveness of the physiologictil iittegrating fac- 
tors in the individual leads automatically and necesst.rilv to the 
physiological isolation of parts and so to reprciduction of one sort 
or another and rejuvenescence. The sequence of the two period.s 
follows necessarily from the constitution of protoplasm. The 
period of senescence is the period of accumulation and decreasing 
dynamic activity, and in the highly integrated individual it m.av end 
in the death of some or most parts. In any case, however, the 
period of senescence leads in one way or another to the physiolog- 
ical isolation of cells or multicellular parts, as I have shown else- 
where,’ and these, if they are capable of continued existence after 
such isolation, undergo dedifferentiation just as the piece experi- 
mentally isolated from the planarian bodv undergoes deshff'eren na- 
tion, because the conditions which previouslv maintained diiTercn- 
tiation are no longer present and the snpplv of nutrition is cut loff. 
If the isolated part lives, it lives at the expense of it- own suhstance 
and the portions of it which required the special conditions result- 
ing from the lohysiological association with other parts for their for- 
mation and maintenance are the first to break down ami -erve .as a 
’Child, "Individuality in Organisms,” Chicaen, 191s 
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source C)t I'licri^v. In thi' wav the isolated jiari nmleryoC' a procc'? 
of ik'dilferentiation and in -n diiin‘4 heconies jihv.'ioloeicallv vonnitcr 
and rqijiroache' or attain-; the q^neridized or unddtervntia.ted con- 
dition of tb.at jitirticular jirotoida-ni. If >ulticicm cncrcv i- ttvail- 
ahle in the form of nmritiun, either from il^ own 'iih-tance lar from 
it- enviroiimenl, thi- ]ieriod of dednlYereniiation is followed liv ;i 
new jienod ri! dit'terentiation and ■-ene-cence. In oilier wonA. from 
iicinq a ih'lterentiaied. 'eciadiized jitiri it heconie' an undnfereniia.ted 
or ttameralized t\hole Iq th.e lo--; of its ^],'eci;d!Zed feature^ and th.en 
ttnilerqoe' a. new cour-c of 'picializtition ;i> it- cisn-titmion de- 
termines. 

In the evohnionary tuljti-tn'eni helween the jieriod of re'uvencs- 
cence and envircinmenlad caniliiion' naiura.l selection hti; unqiics- 
tionahly played an important jiart. for it i- evid.ent thtR no >oecies 
can persist frotn genertitiriii to generation in which, a 'tiurce of nu- 
trition is not availahle in time tia save the parl^ concerned, m repro- 
duction from death hy .'ttirvation. If this were not th.e case the 
period of dedifferentiation and rejuvenescence wouhl end in death, 
as in the case of the starving phmtirian. Rejuvenescence mav follow 
senescence automatically, hut for a new period of senescence fol- 
lowing the rejuvenescence, nutritiian from without is sooner or later 
necessarv. 

\\ e inU't now iiifjuire whetlter this age cvcle is unique in organic 
life or whether there are other periodicities which in anv wav re- 
'Cnihle it. I believe there are many other periodicities of es-eniiaHv 
siniikir character. Fatigue, for example, as disiingui>hed from ex- 
htiusiion. results from the ticcuniulation of subsiauces which retard 
metaboli'in and recovery, from the removal nf lhe^e suhistances. 
rite chief difterence between this pcrioJicitv and the age cycle is 
that the >ub-tances which jirotluce fatigue are proJueis of cataboh-m. 
c'^entiallc waste j-rodiicts aiul that they are suluhle and retulilv re- 
niu\cd. while in age they are o^sential constituents of the dilYeren- 
tiating jirotoplasmic suhsiratum. 

Ag.iin. the perioil of so-called loading of the gland cell is a 
period of decreasing metabolism and accumulation of substance 
with marked change of structures in the cell and resemhles ilte 
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pcriull of ^eiicsccnco except that it may take place in a few hours. 
Tlie loaded t;land cell, like the egg. usually repuires ^^iIllulauoIl be- 
fore it i> able to initiate the process of di>charge, but, once begun, 
thi? process undergoes acceleration, the inet.diolic rate ri'e.'. the cell 
lojes its peculiar ^tructure anel becomes lews specuilized m appear- 
tnicc. This is comparable to a period of rejuvene^cence. and in the 
presence of nutritive material this period is agtiin followed by a 
period of loading and decreasing metabohc rate. 

In the green parts of a pkint in the presence of light and carbon 
dioxide loading of the cells with starch and a progressive dccretise 
in activity occurs, evhile in darkness the starch may be transformed 
to sugar and carried to other parts, and the ceils regain their former 
condition. 

Again in seasonal and other periodicities similar alternations 
appear, a period of accumulation and decreasing dynamic activity 
is followed by a period of quiescence in which recovery gradually 
occurs or after which activity may rapidly increase \vhen external 
conditions such as temperature permit. Periods of encystment fol- 
lowing growth and accumulatory periods in the lower organisms, 
and periods of hibernation or estivation following periods of active 
nutritive intake are to a greater or less degree essentially periods of 
rejuvenescence. 

In many of these cases the beginning of the period correspond- 
ing to rejuvenescence is determined by environmental rather than 
internal factors but this is incidental. The progressive period in- 
stead of proceeding to its natural termination is interrupted, and a 
regressive period initiated by external conditions. The organism 
in such cases merely responds to the rhythms in its environment, 
but such responses are minor periodicities which show certain re- 
semblances to the periodicity of the age cycle. The course of life 
is then a complex periodic curve made up of many periodicities of 
various lengths, the normal age cycle being the longest for the in- 
dividual. 

But in conclusion, we may at least raise the question whether 
there are not periodicities of this sort extending beyond the life of 
the individual. Is there not evidence in favor of the view that evo- 
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kuion is a ?L-oular senescence of protoplasm, interrupted here and 
there by periods of rejuvenescence? Such jjcriods of evolutionary 
rejuvenescence if they have occurred, have probably, like some of 
the minor periods in the life of an individual, been determined bv 
environmental factors, for the natural, internallv determined period 
of secular protoplasmic senescence has not yet reached its termina- 
tion. In any case the general similarity between evolutionarv and 
indiviilual differentiation sugjrcsts that similar factors are at work 
in both cases, and since the period of individual differentiation is in 
general a period of senescence, the suggestion that something of 
similar character is occurring in evolution is not whollv unwar- 
ranted. 

UxlVEKsITY OF ChIC.^GO, 

April. 1916. 
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Sea-aiKnioi!c> at Ica't four of oty;;.!:- ii\ -.'.r.-rli 

they react to criYironruental chaiiitc' : the Ltlaiuiular e-i'. chilly 

the mtieons ;e'Iani.I.'. tlie ciliary 'y.'tem. tlie neincii‘ic\’'t 'terc. an'l 
the' muscular ^y.^teni. (hi these the hr-t three are 'trii.'tly hicai in 
their response? in that they beconie tictive on!_\' in the exact retrio'’.. 
•'vhere they are stinnilated. IMcireouer tliey retna-n ui.-mally re- 
'ponsive in animals that liave hecii ?" coii'pletely ane?tltetizeil tvitli 
magne-ium sulphate or chloretone as to exhibit no nervou' act’fuy. 
Hence there is good reason to tusuine. notwithsttindinu tlie I'ltcn;. n 
held by some of the older workers, that none of tltc-e three 't-'teiii' 
are under nervous intiuence. The fourth syiiem. the inu-cular. i- 
well known to be contrcdled by the nervous system of the-e aniniaP. 
In the common Xew England ?ea-ancmone. MctriiHioi: iih:r,j'ii<itii;:i. 
the neuromuscular mechanism include^ at lea?t thirteen musclc' or 
groups of muscle^. Two of tltese are ectodertnic, i i i the longi- 
tudinal mu.scle of the tentacles and ('21 the ra<lial muscle of the 
oral disc; the remaining eleven are entodermic and are a- folbsw- : 

I 3 I the circular muscle of the tentacles. (41 the circular mu'cle of 
the ora! d’se. ( 51 the circular muscle of the oesophagus. ( d i the 
sphincter, (7) the circular muscle of the column, (81 the circula.r 
mmcle of the laedal di'^c, and the five mesenteric mU'Cle-, ntunelv. 
It)) the basilar muscles, (10 1 the longitudinal me'cnteric mut'Cle?, 
i II I the transverse mesenteric muscles. fi 2 j the parieud mu'clc'. 
and (131 the longitudinal mu-cles of the aeontia lu netthng 
-ulaments. 

The nervous mechanism by which the-e mu-cle? have long been 
suppO'Cd to be brought into acticjii i- a network of neuri iihu-il- and 
the like which permeates the deeper regions of the ectoderm and the 
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cnluilcrni an'! ihc two jiart;- tlui' e-'talili'hcil arc liclicvcd Ey man}' 
invc'liyator^ U> lie cominiKiU; in tlic cc'Ojiliayrcal rcyinn where cctm 
derm and enn derm are cunflneut. AcconhiiL^ lu ( >. a.nd R. llertwwT 
I I Sy r- 1 j I , AX’dlY ( i'><i4i. and <iiher< thi- neiwanm network i' 
nt'ire exKn-i\'eiy develnjied in the or;d d'-'C than ehewhere and 
cnn'Iilnle' there a primitive central nerviiii- nryan. ( if i'cli ( I'lOi •, 
howet’er, lielieve? tliat this centralization i' in llte i e'lipliactf.--. Man/e 
oth.er worker^ ( Xayel. 181^2; I.oel), I'a.rke". Havet. 

i<)Oi : ISetlte. i'i 03 ; Jordan. iiK)8. loiji nei'main iltra thi' iietwork 
i' not 'ithicieiitly centralized tinywhere in the actiniand hedv t'S 
jii'tif}' the 'tatement that the nervoU' 'V'toin of th.e 'Ca-anetnone 
other than tt dittuse one. 

k’dornu' -tinntlaiion rii .almost any part of the :-tirface of a 
'ea-aner.'one is commonly and iptickly f"Howed bv the camiileie 
contraction of the whole tmimal : and the response is s,j protrticted 
tliat actinia.!! muscle has come to be regarded as speciahv adapted 
to tonic contraction rather than to the rapidl_\- chancfinc^ phases r.f 
contraction and rela.xation so characteristic of the muscles of the 
hii^htr animals. This view has gained such strength that von 
Uexkull ( ipexp) and Jordan t lOCX). upoS. lOU 1 have come to look 
tin these muscles as almost exclusively tonus muscles and Jtjrdan 
( IOC'S I especitdly has gone sO far as to deny to sea-anemones the 
possibility of muscular reflexes such as are so usual among the 
more differentiated animals. An adequate e.xamination of the 
muscular activities of 'ea-aneinones will show. I believe, that these 
animals have a much more complex muscular mechani'm than has 
been previou'ly suspected and tliat at least three and possibly four 
types of muscular activity can be distinguished in them. 

The simplest of these tyjies is that seen in the longitudinal mu-cle 
of the acontium. This muscle can be brought into action bv the 
direct application of an appropriate mechanical or chemical stimulus. 
Its contraction changes the acontium from a long straight filament 
into a loosely twisted, spiral one. This response is strictlv local in 
relation to the stimulus and does not spread appreciably from thii 
region stimulated to other parts. It is a^ well pronounced in acontia 
that have been in an anesthetizing solution 1 magnesium -ulphate or 
chloretone 1 long enough to aboli'h all nervoU' activitv in other parts 
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of a sea-anemone a.' it is in normal acontia. I therefore e'nneliule 
that the acontial nnt'cle i^ one that i' nurnull_\ -1111101111,11 directly 
and that it is withniit nervon,- conneclinn-. In llii- -tii-i. u rejire- 
sents primitive nnr-cle nna-Micia.ted with iieiwi ii- ti'-oe a- ha- 
alreadv heen identified in -poniLt'e- 1 Parker, loioi, 

A seccmd t^■pe of muscle is thtit seen in the circo'ar nin-cle nf 
the column nf d/ctrf'/i'.'n;;. When a portion of tlie column of this 
animal i- ftillv anesthetized with mtionesium -ulphate. a im. cb.a.ivca.l 
stimulus will not elicit from it the n-util conttMCtion oi the animal a- 
a whole, hut a riii" of contraction will extend more or h-- ciaii- 
rdetely arountl the column. When the colninn i; not tine.-ihetizod 
and the .-ea-anemone is vieorously fed, this niu-cle exhihits 
peristaltic movements which apparently depend upon nervou- .ic- 
tivity. The circular muscle of the column, therefore, seem- ;o he a 
muscle open to direct stimulation and aPo under tlie contrial ijf 
nerves. In this respect it resembles the sphincter pupilhe of the 
vertebrate eye which responds not only to nerve imptil-es hut aPo 
directly to light, 

A third type of muscular mechanism in sea-anemones is seen in 
the longitudinal muscles of the mesenteries. These contract when 
almost any part of the surface of a Metridium is stimulated, but 
they fail to respond when the animal is deeply anesthetizc-il. Hence 
I conclude that they are primarily controlled by nerves. Under 
ordinary stimulation their action is profound and lasting ancl is one 
of the most important elements in the general contraction of the 
animal as a whole. It is their activity that in large part has given 
grounds to the idea that the actinian muscle is specialized almost 
exclusively on the side of its tonicity. 

Finally a fourth type of muscle mechani.-m is that seen in the 
transverse ntu.-cles of the mesenteries, particularly of the complete 
mesenteries, ^^'hen food juice is discharged on the tentacles or lips 
of an expanded Mctridiuiii. the transverse inejenteric niu-cles con- 
tract and thus ofjen the oesophagus preparatnrv to what under 
normal circumstances would he the swallowing of the fond. On 
withdrawing the stimulus these inuscles quicklv relax and the 
oesophagus closes. This reaction is so definite .and f)recise in its 
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relation to the .'tiniulus and 'O invariable in it' occurrence that it 
mu't be regarded as a true reflex and a? an example of such an 
operation it certainly compares very favorably with what is often 
seen in many of the higher animals. 

The muscular reactions of the 'Ca-aneniones are then bv no 
means all of a kind, but range from direct muscle re-pon^es of a 
most primitive character to true reflexes. The itiore comple.x 
operations of these animals sue'h as fond-taking', creeping, anil 'O 
forth, are imt to be regarded as the rc'ult of the action of a rela- 
tively uniform neuruniU'Cular mechanism, but depend upon some 
combination cjf the various tyjjC' of mu.'Cular or neuromuscular 
activity po.'sible to the.'e animals. The'C operations are often ex- 
tremely comjdex and call for a high degree of coordination and yet 
this coiirdination is almo.'t entirely of local origin. fi.)r an isolated 
tentacle will react to food almost exactly as an attached one does 
and the pedal disc, even after the oral disc has been cut away, will 
creep in a fashion indistinguishable from that of a whole animal. 
There is therefore good grounds to agree with those who maintain 
that the nervous sy-tem of the 'ea-anemone is essentiallv diffuse 
lacking obvious centralization. 

H.\RV.^RD UxIVER.'ITV. 

April 1916. 
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larg'c an appeal to botanists that if the epaleniic Cdannue' till but- 
aniats arc in danger of becoming geiictioia. W’h:;: I \\'iah to pre- 
aciit has a bearing upon the work of thi' important ir.odiern lield of 
botanical activity. In this preaentatioti. h.ijwever. I 'hall ncit intro- 
duce the details of material. Thcac detads are too numerous tor 
the time allotted, and too technical tor any audience e.xcepting one 
of professional botanists. 

Plant geneticists have begun. ju>: a.> did. plant morphologists, bv 
u?ing the most complex material. So long as plant morphologists 
focused their attention upon seed plant.', they were ticcumulating 
data that could only be interpreted empirically. When thev in- 
cluded a stmly of the lower forms, the simpler groups became kevs 
to the more comple.x ones, and interpiretation became scientiiic. In 
plant genetics we are still mainly in the stage of comjile.x material. 
Sexual reproduction is selected as the method of reproduction to be 
inve.-^tigate(l. and the particular sexual structures selected are ;0 
peculiarly involved with other structures that it is impos-ilde to 
analyze the factors involved in the resultj. Xot rndv are the ^e.xual 
structures beyond the reach of observation and of experimental 
control, but there is an alternation of two forms of repruiJuction. 
inheritance being carried through one generatiijn to exprc'.' it.'clf 
in the next. 

:U4 
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Furthermore, the origin of embryos proiluced in seeds is not 
tis'iired. \\ hile we may assume that, for the must jjart, they are 
the result of fertilization, which in its .gross aspects can be controlled, 
the increrising number of cases of parthenogenesis, vegetative 
tipogtuny, ;md <]ioroj)h_\-tic budding introduces a serious element of 
uncerttiint}'. The program between pollination and fertilization, 
and l)etween fertilization and the'esca[)e of the embryo from the 
seed, is a very long one. and not a single stage of it is under observa- 
tion. much less under control. In other words, we are working 
empirietdh' upon our problem as vet. 

If se.xutd rejiroduction must be studied, it would seem desirable, 
therefitre, to u-e mtiterial selected from the more primitive se.xual 
forms, mtiterial in which the sexual structures are not so involved 
with other structures, in which the whole performance of fertiliza- 
tion and embryo development is in sight and capable of control. 
Ihe ililterence between a sex act and an embryo development under 
cover, and in the open, when experimental control is the end in 
view, is too obvious to need further explanation. Furthermore, in 
these simpler sexual forms the origin of sex is observable, so far 
as it is represented by the sexual cells, and the general conditions 
of origin are known, conditions which are sadly in need of analvsis 
in experimental work. It must be evident that a knowledge of 
the factors iitvolved in the origin of se.x may throw some light on 
the function of sex in general. But the origin of sex involves a 
still more fundamental problem. 

Sexual cells are phylogenetically related to spores, that is. spores 
are historically intermediates between vegetative protoplasts and 
sexual cells. This suggests that the origin of spores and in- 
heritance through them deserve attention as a preliminary to the 
origin of sexual cells and inheritance through them. In other 
words, there are certain things that all forms of reproduction have 
in common, and these should be kept distinct from the things which 
are peculiar to sexual inheritance. 

IMore primitive than rej)roduction by spores is reproduction by 
ordinary protoplasts, shown notably by one-celled plants in which 
cell division re^ults in rej)ro(luction and in which the succession of 
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cell ilivEiotL- i? rapid. The fact th;it ^iich platii^ can he iiiiluced t'l 
form ^pore^ contnirv to their normal liahit. indicate' that the con- 
dition.' of spore fornitiiioii can he deterniinecl. 1 hc'C conihnons 
are descrihed tts vet in terms ~n v;it;ue th;it they mean rule iitnre 
th;m en\ ironment, ;ind tliis nitty he externttl or internal, depi-ndmy 
upon whether one speaks from the ~tandpoint of the plant or ni th.e 
protoplast. Experimental work hit^ shown that a 'pore m;;\ he 
detinetl tis a protoplast, ii'iitilly septirateal from it' rTl w.il!. .ilw.ii' 
'Cparated from oro-anic connection with other protiipki't'. a”.-! h\ 
virtue of this latter fact, capable of [iroduciiyy ;i new inditiilnal. 
If this is a spore, what is a sexual cell which may he deri\ed from 
the same protoplast? Neither of them is a protopki't of 'peci.al 
cell lineage, as has been proved by inducing spore fi.irmation and 
gamete formation in any cell lineage. 

The plant geneticist may not he interested in the conditions th;it 
result in gamete formation, and even less interested in the condi- 
tions that result in spore formation, but th.ese are fundamental to 
the problem of reproduction, and therefore fundamental to the prob- 
lem of inheritance, A practical plant-breeder may he interested 
only in the fact that he can obtain a new individual from a seed, 
the pedigree of whose embryo in the nature of things cannot be 
demonstrated, but only inferred : but a scientific plant-breeder, whom 
we now call a geneticist, must be interested in the conditions that 
determine inheritance, and these include the conditions that deter- 
mine reproduction in general. 

No more favorable material for determining the fundame.ital 
facts of inheritance can be found among plants than spores of the 
simpler forms. They are accessible, and therefore capable of con- 
trol : a succession of spore-produced individuals represents a line 
whose puritv cannot be questioned; the so-called ‘‘modification of 
the germ plasm” can be accomplished with a precision that is 
impossible in an ovary and ovule-enclosed egg. to say nothing of 
the sperm. In short, freed from all entanglements of sex, the pos- 
sibilities of variation in pure lines can be determined, and the pos- 
sibilities of the inheritance of such variations. Such work will 
establish the facts common to all inheritance, and will enable us to 
recognize the contribution of sex to inheritance. 
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To indicate that this is not a visionary programme. I wish to 
say that such experimental work has been begun, and that the initial 
results indicate that the stage of promise is merging into the stage 
of j)erforni;ince. It is deuKinding not merely the technique tif plant- 
breeding, but it involves also the technique of cytology to discover 
the structurtd changes, and the technique of physics and physiolog- 
ical chemistry, to tletermine the conditions and substances that are 
factors in the various processes. Perhaps of largest significance is 
the fact that just as the doctrine of evolution broke up a static 
taxonomy, so this experimental work with inheritance is breaking 
up a static morphology, encrusted with rigid definitions, and is 
making this great field dynamic. 
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The First Crusaile was the wtirk of Tope L’rhan il., who'e won- 
derful speech at the L'ouncil of Icnnoiu led thou-aiiiK to take the 
crO'S. F'rom that tinie the Topes alw;iy> felt that the cru-tnle- wee 
peculiarly their task and uiuler their inspiration, even if 'onie of 
the expeilitions, like the one against Constantinople. C'Ctiped iri'in 
their direction. For they believed that the cru-ailes were Cod's 
work and that they were His agents. According to Fulk of 
Chartres, Urban at Clermont used the following words; 

"I speak to those who are present. I shall proclaim it t" tl;e ali'cr.t, hut 
it is Christ wh.u Commands. Moreover, if those who set out thither hoe t'leir 
lives on the journey, by land or sea. or in fiehtuig against the heathen, th.eir 
sins shall he remitted in that hour : this I grant through the power of God 
vested in me " 

The Pope sct the time of deitarture. ordered who should go and who 
should not go. offered jirivileges to the participants, and threatened 
with excommunication all who should not fulfill their vow. For 
two hundred years and more the Popes were always proclaiming that 
the crusades were on imperative duty and everyone recognized their 
preeminent concern in the holy wars. 

A’hv (lid the Po]>es enter upon this undertaking? W'hat did 
they hope to gain for the Church and for Christendom from thc'C 
crusades? klany have attempted to answer these questions and their 
answers have been very contradictory, too often reflecting merelv 
the prejudice of the writer. Thomas Fuller in his History of the 
Holy War said : 

■■ Though, the pretences were pious and plausible, \et no rloulu the thnughts 
of hi-s holiness began where other men’s ended, and lie had a Jiriw project 
beyond the puljlic design: First, to reduce tlie Grecians into subjection to 
himself, with their three patriarchs of Jerusalem, .\ntiuch. and Constanti- 
nople : and to make the Eastern Church a chapel of ease to the mother church 
of Rome" 
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\\'ithout ([uoun”- farther from Fuller we mav note that nianv 
scholars have aijreed with him that the main ])ur{)0'e of the Popes’ 
tiction was the desire to hrint; the (jreek C hurch under the Koman 
curia, d'he nio-t notable exponent of thi' ideti in recent vea.r' is 
Kohler, the editor of the Rcz’iic (/c l'( Incut latin and of the 
-\rmenian Documents in the Rcciicil dcs Historiois dcs Croisadcs, 
and one of the best informed scholars in this subject. 

( )thcr-. have ihoucht that Urban w:i' moved h\- the tippetil for aid 
from the F.niperor ;it Con-tantinople. and with the bread view of a 
statesman realized the necessity of protecting Icurojie mo^t ettectivelv 
by carindng the war into the enemy's country. It i.- po>'iljle that he 
foresaw the gtiin in authority that would accrue to the pa])acy from 
the leadership in a univcrsttl movement which would tirouse religious 
enthusiasm and he conducted under the guidance of the Church. 
It is also possible that he was influencetl mainly by the spirit of the 
age. with its kindred virtues of asceticism and valor. .Cs most of 
his letters concerning the crusade have been destroyed, there is not 
enough material to make it possible to dissect and weigh his motives. 
It is easier to understand and explain why the succeeding Popes 
should have continued to interest themselves in a movement which 
they believed to be God’s work and which was apparentlv bringing 
such important results to the Church. 

In the first jtlace the preaching of the crusades aroused great 
religious enthusiasm and led many sinners to reform, at least tem- 
porarily. Peter the Hermit preached right living as well as the 
Crusade; and, in particular we are told by one of those who had 
seen him that " he led the prostitutes back to their husbands and 
added to their dowries from his own resources.'" Some of the 
preachers had n'lany qualities of the modern evangelist: a biting wit. 
a ready tongue, a keen sense of humor, a magnetic personalitv : some 
were accused of evil-living and greed. Fulk of Xeuillv, who 
claimed that he had given out 200.000 crosses with his own hands, 
raised money to build a house for magdaleus and for a church, as 
well as for the cause of the crusades. He bandied jests equally 
readily with Richard the Lion-PIcarted and with the mob. \\'hcn 
the crowd pressed too closely upon him he would lay about him 
vigorously with his staff and those who were hit felt honored by 
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ihc blow;. On one occasion when ^ul^e in hi^ aubiLiice tried to 
secure a? relic? bit? of lii? i;arnieut?, he ?eized iipun the nio't pre- 
?uniptuoui ;uid proclaimed that hi? own clothe' were t ?acred 
object?, but that he would :ind did 'anctify the ytu ment? of the man 
he held, whose clothes were at once torn front hi' bode, in bit' to 
be preserved a? relics. Such preachers ntiturtilly tippealed to the 
common people, who seldom heard any sermou', :ind h,id. a s^reat 
influence in kindling religious zeal. The preaching of the crU'ade' 
frequently led many to enter monasterie' to expitue their 'iii', in- 
stead of taking the Cross. Cte?ar of Hci?terbach tell' of the 
marvelous ettect of Bernard of Clairvaux’s sermon? and 'tates th;it 
Bernard sent all who were fit into nn masteries : to the other' he 
gave the Cross. After the fall of Jerusalem such a wav’e of piety 
spread over western Europe that wars were abandoned for a time 
and the cardinals took a vow to go afoot until the Holy City was 
rescued from the infldel. In the next century a most 'triking out- 
burst of religious enthusiasm led to the Children’s Crusade, which 
was to be a missionary movement, not a military campaign. Thus, 
undoubtedly, through the preaching of the crusades there was a 
great amount of religious fervor, some real piety and reformation 
in manners, and a greater interest in the Holy Land and all con- 
nected with it. This would redound to the credit of the head of the 
Church and increase his influence and power. 

The Popes offered privileges, both spiritual and temporal, to 
all who took the Cross. Because of the intense enthusiasm for the 
crusades and also because of the weakness of most of the monarch? 
in Western Europe during the fir?t half of the twelfth centurv, the 
Church, and especially the Pope, were allowed through these privi- 
leges to encroach upon the sphere of the temporal authorities. All 
crusaders were given the protection of the ecclesiastical courts : thus 
when a vassal took the cross he might escape to a considerable extent 
from the jurisdiction of his feudal lord, kloreover. his familv and 
property were taken under the protection of the Church and in this 
way man_\- ca?es were taken from the feudal courts. In hi? privilege 
for the Second Crusade Eugene III. gave vas?als who took the 
Cross, the right, under certain circumstances, to mortgage their tiefs 
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\\ith(jut the cdii'enl uf their .'uzeraio' ; this was a direct eiicruach- 
iiieiit oil propertv riJ(ht^, but amid the iiueii'e eiithu.'iasm for a 
movement in which botli the (ierman emperor and the French king 
particijiated thi^ ti'Urpation jia^-'C-d without much comment. It is 
signiricant, however, that thi' privilege was not renewed in later 
grant' The Pope< al>o gave permi''ion f'lr non-payment of in- 
terc't on debt.' owed !)v crusaders and directed that the monarchs 
'hould take steps to enforce this, Philip AugustU' actually followed 
the mandate, by an ordinance arranging the extent to which this non- 
payment of interest should be allowed. This encroachment upon 
property rights provoked Ic'S opposition because the cretlitors were 
frequently Jews. As each crusader was under the protection of the 
Church the Popes interfered in case of capture of individual 
crusaders by their enemies and also to prevent warfare which would 
hinder men from fulttlling their vows. They used the censures of 
the Church freely for this purpose and. on the whole, with general 
approval. They even interfered with the amusements of the 
nobility, repeatedly forbidding tournaments and threatening to ex- 
communicate all participants. Other instances might be cited to 
show the manner in which the Popes added to their temporal power 
and control over those who were not members of the clergy, so 
that after a centurc- of crusading activity the Pope’s power had been 
enormously enhanced. Of course, the increase in their temporal 
authority was not wholly due to the crusades: other agencies were 
at work : but the religious wars preached by the Popes had a verv 
important share in the growth of temporal power which had reached 
so great an extension by the time of Innocent III. 

In the thirteenth century the influence of the crusading move- 
ment in adding to the Pope's power can be illustrated in many wavs. 
Frederic II.. in a burst of enthusia'iu caused by his unexpected 
attainment of the imperial crown, took the Cross. From that time 
until he started on his expedition, twelve years later, he was con- 
tinually hampered by his vow and had to make manv concessions to 
the Pope, in order to obtain permission to delay its fulfillment, 
W hen an energetic pontiff. Gregory IX., was elected. Frederic was 
obliged to start on his exjredition. although he had not completed his 
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diplomatic preparations. W hen he put hack on the plea oi illnc'? 
he was excommunicated and hi> crown placed in jenpardy. lie 
probably regretted frequently and very bitterly hi' waithiul enthu.'- 
iasm. The Pope preached a cru-'ade again>t hi.- Sicilian kingduni: 
and this illir-trates another means by which the power of the [lope- 
was enhanced. Thev repeatedly preached crU'adc' ayaiii't their 
temporal foes and offered to the participtiiUs in these war' the 'time 
privileges, spiritual and temporal, which were given to tlio'e who 
went on expeditions against the IMoslems. These hob ^\ar' were 
sometimes directed against monarchs and other rulers, 'onietime' 
against cities, at other times against heretics like the Albieeii'e', or 
against the heathen in the north and northeast of Ifuropc. The'C 
armies played an important part in the history of the thirteenth 
century. 

This century also saw the temjtorary union of almost all Chris- 
tian lands under the authority of the Pope and thi' was directlv 
due to the crusades. The capture of Consttintinojile led to the 
establishment of a Latin patriarchate there. Bishops of heretical 
churches in Syria acknowledged the lUpremacv of the Latin t'hurch 
The ruler of Armenia sought to have the title of king bestowed 
upon him by the Pope and promised in return to bring the Arnicniati 
Church under the Pope. For a time there seemed a possibilitv that 
there might be one all-inclusive Catholic Church, under the authoritv 
of the Pope. 

The crusades also brought to the Church and to the Popes an 
enormous increase in wealth. Crusaders gave freely to the Church 
before starting for the East: they also mortgaged or sold their 
property to ecclesiastical foundations under conditions very ad- 
vantageous to the latter. The Orders of the Temple and Ho-pital 
received great endowments and became very wealthv. bleu who 
had taken the Cross and were unable to go, purchased exemption 
from their vow. Taxes for the crusades were frequently collected 
and handled by the Church. It is not possilile to give anv estimate 
of the total amount which the Church received through the crusades, 
but it was enormous. Consequently the Popes became much more 
powerful, especially through their control over the appointment of 
the officials who profited by this wealth. 
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While tlic I’ope.-; and the Church gained so much in so nian_\ 
dili'crcnt \va\s, their di.'apptjintnient' were severe ami their los'c-s 
heavv. T'here could be n<r di-ttui-in^ the tact that the crusades, 
on the whole, had been a failure. When the monarch.' returned 
home i_<fnomini(jU'ly from the Second Crusade even Bernard of 
Clairvau.K felt sick at heart <n'er the failure of the nKjvemeiit which 
he had ])reached. The Crusade of Richard the Lif)it-I fearted and 
Philip -\ut;u'tus had not re'cucd Jeru-alem ; the Fourth Crusade 
had been 'hamelesslv diverted atjainst a Christian Fmpire: the Fifth 
had 'ecured a dijjloniatic trium])h which the Pope did all in hi' 
power to thwart and belittle ; the minor expeditions had achieved 
little or nothing: the heroic St. Loui' had been obliged to rait'Orn 
himself from captivitv. These failures did not injure the papal 
power to any marked degree because the Popes ami their legates had 
been responsible for the conduct of the military operations only to 
a very limited extent. For the First Crusade Urban II. had ap- 
pointed a papal legate. .Udemar of Puy. who proved of great assist- 
ance to the expedition : he died before the capture of Jerusalem and 
his loss was keenly felt by the crusaders. Although other legates 
were sent with the various ex])editions, no one played a prominent 
part, except Cardinal Pelagius. whose lack of tact, to put it mildlv, 
was princii)ally responsible for the failure of the Crusade against 
Damietta. The leaders of the various crusades to the Orient were 
not designated by the Popes. With the exceptions of Urban II. 
and Innocent III., the Popes did not take an active part in laving 
the plan-, for Crusades against the Moslems ; the expedition for 
which Urban made the plans was successful : Innocent's orders were 
not obeyed. The leaders in the Church, like St. Bernard, were able 
to throw the blame for failure upon the ignorance and ^ins of the 
crusaders. 

Jerusalem was conquered and held for some score' of vears but 
the Holy City did not become the head of a Church state as the 
Pope probably hoped that it would. When, before its capture in 
1099. the leaders gathered to di'cuss the election of a ruler, the 
Church party in the army protested, saying that no earthly monarch 
ought to wear a crown of gold where our Saviour had worn a 
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crown i>f thorn>. For the moment the noble.' icMctl : afte'- the 
ctipture of the city they elected Godfrey. Defender of the IIol'. 
Sejnilcher. Thi' title probahlv marked ;i conce?>ion to the point 
of view hehl bv the clerical party. When Dattijbert wa.' elected 
I'atriarch of lerusalem ;ind demande<l that tiodfrey 'honhl "ive ui) 
the Holv y'itv, the latter temporized, proini'ing' that he would hand 
over leru.'alem to the Patriarch when he ha<l -ecured other con- 
(lue't'. But after his death his brother Baldwin wa^ crowned king, 
and Jerusalem gradually became an heredittiry monarchy, in which, 
the Patriarch was clearly subordinate to the King, and the latter 
was whollv independent of the Pope. The Ghri'tia.n compiest' in 
Svria. instead of being the home of garrisons ever ready to propa- 
gate the faith by the sword, soon became commercial centers whose 
inhabitants were intent mainly on living in peace and carrying on 
trade with the infidels. They viewed askance the bands of crusader.' 
from the West who might interfere with their commerce by pro- 
voking hostilities. Even members of the military Orders, whose 
main purpose was supposed to be the defence of the Holy Land, 
formed friendships with the Moslems, whom they enterttiiiied in 
their castles and allowed to pray to Allah in their chapels. The 
direction of the great Crusades escaped from the Popes, and in spite 
of Innocent's commands and repeated excommunications the French 
and \'enetians persisted in going to Zara and Constantinople and in 
sacking those Christian cities Frederic IT. excommunicated for 
not going on a crusade, went and was e.xcommunicated again for 
going while excommunicate. Despite the efforts of the Pope and 
of the leading churchmen in the Holy Land he made peace with the 
iMohammedans and secured Jerusalem by diplomacy. The crusader; 
who settled in the Holy Land soon ceased to be as devout and narrow 
as their brethren in the West. They intermarried with tlie native-, 
both heretics and IMoslems. adopted the customs of their wives, and 
some of their superstitions. Even the Templars were generallv 
believed to be contaminated by the Mohammedan beliefs. The 
monastic chroniclers, especially those from the West, arc verv out- 
spoken about the evil lives led by the Christians of all ranks, even 
the patriarchs, in the Kingdom of Jeru;alem. From the Fa-t these 
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cuiiililioii> >j)rca(l to the t' > the threat detriment of tile Church. 

The merchant^ carried hack nut merely ( Iriental ware^, but aCo 
r)riental herc'ie^, which >iiread rajddly in the \\ c^t tdoiyy the com- 
mercial highway?. Soon crusade.' had to he preached tigainst the 
here-ic' which were mainly due to the cru'ades. All of these 
factor.s detiaicted from the jiower of the Pope'. 

It wa.' easier for the heresies to spread because of a growing dis- 
trust of the Church, due to many caU'Cs. c. g.. all teaching in France. 
Germane and Fnglaml had been done by the cleric' and the 
cru.'aders found that mane things which they had been taught were 
untrue. C'ne chronicler of the Fir.-t Crusade naively expressed his 
surpri'c at the bravery of the Turks who he had been taught to 
believe were cowards. Possibly this idea was due to Urban's speech 
at Clermont, for \\'illiam of Mahne.'bury reports that the Pope 
said: the Turks are 

'■ feeble men, wiio. not having cuura.ge to engage in close encounter, love 
a flying mode of warfare. For the Turk never ventures upon close fight; 
but, when driven from his station, bends Ins bow at a distance and trusts 
the wind with his meditated wound; and as he has poisoned arrows, venom, 
and not valor, inflicts death on the man he strikes. Whatever he effects, 
then, I attribute to fortune, not to courage, because he wars by flight, and 
by poison. It is apparent, too, that every race, born in that region, being 
scorched with the intense heat of the sun. abounds more in reflection, than 
in blood ; and. therefore, they avoid coming to close quarters, because they 
are aware how little blood tliey possess." 

Many another crusader learned that the information which he had 
received had been misinformation, and began to doubt. The polit- 
ical crusades brought discredit upon the Church and the Popes who 
ordered them. iMany men realized that the Popes were using their 
power for worldly ends. In the thirteenth century it was ever more 
difficult to induce men to take the Cross. In 1233 the Pope offered 
an indulgence of 20 days to all who would listen to a sermon on the 
crusades: in 1249 the indulgence was increased to 40 days, and in 
1265 to too days, in the hope that some might be led to take the 
Cross. 

iMany of the preachers were charged with misajipropriation of 
the funds which they raised for the crusades. Walter von der 
\'ogelweide voices this feeling in his ver^^es : 
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"Little. metI!i!lk^. of all thi.-. ^lUcr m Cuc'.S c.iii'e !' 'pi.- t ■ 

To part \\:th a yreat treasure pric-ts are '.l!-e"r'.i' : 

.As Waller tvj.> a partUan i)f the 1 Idheii.-laufen' ae.,1 the 

papacy he niiylit he coii'iilereil prejiuliceil, Ihu l!ie 'au'.e ak.i \\a' 
coniiiioii : c. ij . Alaithew Paris, the histnrioyiaiph.er nf -.lie ini le r\ 
of St. -Vlban.' writes: 

■'Ey (liters wiles the Roman curia >trir\e to take tc.eir pf' ; rii !:' ti'e 
simplc peeiplc of ( ,0(1. seeking uothin.g hut their eohl anl 'liter" 

Thomas Fuller, later, juit it hliimly, the ]iope "giit a hag of mo".ct 
by it." -All reformers in the ChtireTi felt that ih-A ttealth had 
brought corruption in its train and while few retilized tlte pa.r: tli.it 
the crusades had played in bringing in this wetdth, many ileraninced 
the corruption of the papal curia and its greed for gold. 

Church unity was attaineil for only a short time The • Irech 
Empire, for whose aid the Fif't Crustide ittid been preached., had 
been brought under the Latin Church, but h;id been .-(.i weakciicl bv 
the attack- of the crusaders that it could not much longer be "the 
bulwark of Europe" against Islam. The ftdl of th.e Latin Empire 
of Constantinople led to the return of the Creek pturiarch. Ilere.-v 
and opposition to the Church spread in the West. There was a 
marked decline in religious fervor: interest in the next world 
dwindled as the zest in living the present life increased, because it 
seemed better worth living. There was a great growth in the use 
of indulgences and it would be especially interesting to trace out 
their connection with the privileges of the crusaders. It is not feas- 
ible here, however, to follow the whole course of event-. The facts 
which have been given are sufficient to show how completely the 
hopes of the Popes had been frustrated. If we weigh all the evi- 
dence we see the manifold ways in which the crusade^ affected the 
power of the Popes and we may well conclude that =onie root- of 
the reformation are to be found in them and the I’ojie-;' connection 
with them. 

PriXCETCX UxiVERSITY. 

-April. igi6. 
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( Pl.ATt \'. I 

Pv J l)VXKLi:V I’KIX'CE PhD 

< ixtdd .Ifril !^, I 

III ihc i'iiniry i Mr. J. I'icrpoiu Xlur^Mn in Xew York City i? 
a \ury rare oM Slavonic Ktinian Catholic praycr-bijok, printcal in 
Clayi'liiic character^ in the 'U-cttllcd Cn,i;'ti;in varitint of the Church 
Slavonic lanttuayrc. 'I'hc \v> 'rk hear? the Latin title at the end of the 
te.xt : . 1 ! !'l:d’'t't!cnii’. ct PriWs lHyricoi'. iw.pr. J'cii. per Andreaiii dc 
Tor'\'Si.i)rs de Asitla. lyey. ftillowed Iiy the Slavonic title: staiupani 
f'" [d\'iu'ti\Ai pii .-ludrA TorccJii! i~ AAiIy. "pfintetl in X’enice hy 
Andrea' de Turre^atli' <le Ajula," which word' are followed hy the 
date. 1 5^7, indicated iti Glagolitic character^. (dn the front fly-leaf 
are writteti the word': c l.brls Ili'clyii. I'enctiis. 1645. This un- 
douhtedly i> John Evelyti. the well-known English virtuoso, who 
visited \ eiiice in 1645. ^-''“■1 evidently juirchased this book there (cf. 
National Biugrajihical Dictiotiary. p. 701. According to Bishop 
Butler ( Reiiouard. Tout. IT. ]>. 276). this work wa- unique in his 
time ( 1774-1839) and a collated and perfect copy. The first 
allusion of recent date to this edition of de Torre'anis de Asula 
'ceui' to have been made b\' Dohrov^ky in his correspondence with 
Kopitar. publi?heil by Ritter X'atrO'lav von Jagic. It is interesting 
to note that A., de Torre-anis was aho the printer of the first book 
in Serb jiroper 1 " The Hours") in W-nice. 1493. 

Ihi' Xlorgan edition of the Croatian jiraver-honk is the onlv one 
which can be placed at the present time, although there must be 
several copic' in existence in lutropean libraries. The book con- 
si'ts of seven clearly printed pages in excellent preservation and 
contain' many woodcuts. Cht the front binding are two portraits : 
on the left, of a crowned queen, with the Italian legend: scctri c 

* See I Ml the n<Atatii)n. 
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coront' doppo !iu>rtt' }-{--fdniio) in’Ild. ’■ socptcr' and cruwii- arc 
of no avail after death," and on the riyht. of a man. aiipari.-nily a 
kiiiy'. with the Italian ilevice: cariuH ?in (- -^corono ■ la vitd jiicutrc 
opcro bcnc. "I crown ( m_v i life liy workin;^ well." i in tlie rear 
binding' on the left, i^ a jwrtrait of a man with the wiird't Ci’I/f Ic 
>'osc c hissa star Ic spine, "pluck the ro^e^ and leave the thorO'," 
and on the right, of a woman with the partially erased phra'v: c- . . . 
iiiisiira oyni sue passo. There is no title-page, the text beginning 
directly, as shown by the accompanying plate, with the < ilagolitic 
alphabet, followed by a complete syllabary ( bn, he. bi. bo. bii, I’x. b i 
and the Pater Xoster and Ax’c Maria. 

The Church Slavonic language was originally the \ernacular isf 
the }iIacedonian Slavs at the time of SS. Cyril and IMethod, the two 
great Greek missioners of the Ea'tern Orthodox faith to the wild 
Slavonic tribes, ^^'hen these various Slavonic peoples adopted the 
Eastern form of Christianity with its accompant'ing rite, this lan- 
guage began to take on different aspects under the influence of the 
particular idioms. Thus, we find a Serbo-Croatian, a Russian and 
a Bulgarian reduction of the Old Slavonic, in each of which coun- 
tries the older language appears partially disguised under the garb 
of the respective vernacular. It should be remarked that the Serbs 
and Croats are linguistically identical, differing only, in that the 
Serbs write their language in a modified form of the Cyrillic 
alphabet, while the Croats, who are for the most part Roman 
Catholics, use the Latin letters. The Old Slavonic, having been 
accepted at an early date as the idiom of the Scriptures and the 
Liturgy, naturally became the first literary language of the Serbo- 
Croats. Although this Church language was not identical with the 
Serbo-Croatian vernacular of the fourteenth and fifteenth centuric', 
it must have been fairly intelligible, as it became the regular literary 
medium in the hands of the ecclesiastical classes, from whom all 
literature naturally proceeded. From the thirteenth to the eight- 
eenth centuries, all Serb books were, therefore, printed in the C)ld 
Slavonic of the Serb redaction, under which head much of the early 
Croatian literature also falls, although the Ragusan and Dalmatian 
literatures made use of the actual vernacular as their vehicle much 
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earlier than diil the Serb.' themselves. We find c^'entiallv the 'ante 
condition^ affectiiii,’' ihc use of the Church Slavonic in Ru'^ia. where 
the older idiom appears :is tin archaized dialect of Ru"ian in Old 
Slavonic dres'. Aniont^ the Bult^aritins. h'lwever. who were of 
Tlunnic oripdn. their adopted Sltivonic idiom ditiered le'~ than Serb 
or Russian from the primitive Church Slavonic form of Macedrinian, 
which is sometimes, therefore, errnnenU'lv known tis " nld Bul- 
earitm." C hurch Sltivonic is not '' f >ld Ruletirian,” but simply ^lood 
in a very close relatifni'liiji to the Sltivonic ditilect adopted by the 
Xon-Slavonic Piuls^ars. 

The Croats came very early under ilie intluence of the Roman rite, 
which, however, was permitted by th" Rope to be celebrated in the Old 
Slav-. nic lanynage wlnc'i ’■lu’s took I'lU the specially Crriatian fenm, 
in which, the IMorgan text is pirinted. This Croatian variant i' prac- 
tically identical with the Serb redaction. Its chief characteristics are 
the omission of the nasalized vowels of the original IMacedonian and 
a few other concessions to the current vernacular. «ome of which will 
be noted below. It is interesting to observe that this Croatizing 
idiom written in Glagolitic is still in use among the Roman Catholics 
of Istria, Dalmatia, the Adriatic islands, and. in fact, all along the 
Croatian coastland. The Croatian Old Slavonic in Glagolitic has, 
during the course of centuries, become the medium of a very censid- 
erable literature i cf. v. TagiG in Branko A'odnik's Einlcitiing cur 
Kroatisclicii Lltcratiirgcschichtc, Agrani'i. In fact, there are to this 
day some old people who can read no other character than the 
Glagolitic, which went into disuse at a verv early date among the 
Orthodox Slavs, who universally adopted the Cyrillic, which thus 
became the parent of the modern Russian. Serbian and Bulgarian 
alphabets. It is probable that the Cyrillic system was an evolution 
from the Greek uncial letters, while the Glagolitic, now a distinctly 
Roman Catholic alphabet, was developed from the Greek iiiinusculac 
( Isaac Taylor. ArcJiiz’ fur Slavischc PUiloloinc, V., 191 tf.'). 

The ^lor gan text is especially interesting, because it presents the 
Croatian Church Slavonic of the early sixteenth centurv in a highlv 
satisfactory manner, as may be seen from the followin.g translitera- 
tions with commentary of the "Lord's Rraxer" and "Hail IMarv" 
shown on the accompanving plate ( Plate V 1 . 
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The following system of notation has been aJupteh. The con- 
sonants and vowels are to be pronounced as in Italian, except in the 
case of i'( = Roumanian ii, i-ssheavv u. as in Turki-h "girl": 
c=ts: c = Eng. ch: c/i==Germ. guttural c!i: i’=rc. in 

"met"; ia = ya; ie=xc; I. a- in dlgi, "debts," ij pronounced with 
the inherent vowel of the I. as <)ccurs often in Czech; r, as in 
iiirtzu'Ir. is pronounced with the inherent vowel of the r, siniihir to 
the vowel of the 1: s = sJi: st is one letter, formerly po m ninced sht, 
as indeed is -till the case in llulgarian. In Russian, this c. >;ni)ina- 
tion = s'/.'c/!. all in one sound, a later modificaticn uf the primitive 
pronunciation. In the Glagolitic text, _v is an indeterminate s\mboI 
used inditferently for r, ic. iii. c and in some Glagelitic texts even 
for i: i = ~h (French /). The signs : and ' represent respectively 
the Russian hard sign, originally an indeterminate vc-wel, probablv u. 
and the Russian soft sign, at first an /, which later developed into a 
mere palatalizing of the preceding consonant, as nas = nasli'>. The 
hard sign ; is not always used in the Morgan text and the soft sign ' 
does not appear at all. 

In addition to the material treated in this paper the Morgan text 
contains some selections from the Psalter — the version* of Ps. CX is 
especially interesting — the Magnificat, the symbols of the Apostles 
and a few prayers, I intend to publish later a complete redaction 
of all this material which is particularly valuable for the studv of 
the Croatian variant of the Old Slavonic. 


Molitv a X'edilxa, 
M eekly Pr.wer, 


IM. occ lias: icc 

Z. ot'cc (oce) nas' ice 

Cr. oce nas koji 

Father Our who 


na ncb'sich: 
(j)esi na iicbescch: 
si na ncbesiiiia 
art in heavens 


IM. imetz\ 


pridi cesarastz-o tvoe \ budi 


sz'cti-se 

! da sz'iitit: sii 
I da sc sz'cfi 
: be sanctified 
Tola tz-oy 


Z. iiiui tz'oc I da pridet cesar'stvie tvoe da biidct role i z’olia \ troe 

Cr. iinetroje] da dodjc carstvo tvojc \ da bade z'oija tvoja 

name thy ; let come kingdom thy ; let be will thv 

\ko na nybcsich i na ceiiili \Chleb: iiaL- zsagdanni 
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Z. I'ktiiuikojiuiiiti'iSL i ltd Ci'titi {ccinlii Cldcb, >ius' itaJ'iicruJi 
L'r. kdi> lid lu'bii i na -cinlji ■Hljcb iias potrcbni 

a- in hcavL'ii^ mj al-i " in earth ;l!reailuur dail_\' 

M. ddi itdin daiias 

/.. t iidsdsti: ;i ddi i /'I’l/iK a; i luni: iia z'Sik' \zsdk') d'n' 

C'r. i/a// Udm szdki ddii 

;^i\e n< t'l-day i Z. fur every day I ; 

-M . / diipiisii ihiiii didi iidsd {kodc i mi 

Z. / ostdi'i UdUi: grcckri i (/rcclii i lui.di iko icko. iako ) { semi 

Ur. / opr.^sti Udm grijclu' iidsd ;cr i mi 

.\ni 1 furyive ii 1 1!' Mils (Hir a- al?o we 

M. orhisstdmo dl-i'ikom ' itdsimi . I ne z az't'di 

Z. dszdzicdm z'sl'kdmoii di.snikoit i doiduiku ) iidscmou 1 nc z zz'cJi 

Cr. orrdSZdiuo sz'dkomd diiznikti sz ojemu 1 nc naz'cdi 

I'lrgive ilebtor; our . Andnotlead 

M. v.ds: z' udpasi ltd icbdzd nas od neprieeni ; Amen 
Z. lias: t' iskoHsen'e iizino) iAmz’i iiidmiaszi at ncpriezni | Amen 

Cr. nas n napast nego iebazd nas od da Amen 

U 5 into temptation but deliver ii; from evil. Amen. 

Pocdraz'Ienic . hid’cla 
Greeting of the Angel 

M. Zaraz'd Marie milosti plita. G{ospod'\ s tobojii . Bladena Ti esi 
Hail Mary of Grace full. The Lord with Thee. Blessed Thou art 
f eenaeh. I blagoslaz'len: plod utrobi iz'oee Isious). Sveta Marie 
aniiing women. And blessed the fruit of womb thy. Jesus. Holv Alary, 
Mali Bodiy moli ea nas: gresnieh: . I takoe moli va nasicit: 
Alother of God pray for us sinners . And also prav for our 
mrtvieh: Amen. 

dead (ones'). Amen. 


Commentary. 

Pater Xoster. 

The abbreviations AT. Z., and Cr. indicate respectively Alorgaii 
Tc.xt. Codex Zographensis. and the modern Croatian version. It will 
beob-crvedatonceinthetext of the Pater Xoster thnt AI. is true Old 
Slavonic and approaches closely to the idiom of the Z. version. Note 
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the following |ieculiaritn.> : M. ■\/i; /■ i'.li '■ o'; 'igr., I'O-' ah.\ 

the original form; iiL''’\'sicli . interchanging with :iy\’s\'r. ilin-iratnig 
tlie indetenr.inate character of the ( i!ag‘ littc _v. la'-.'C “ ' r, ac 

szrt’ with onh'jion e>f p. — t. 'cen in /.. szdtir s.' : M. ;• — ■' 
iniperaticL?. in-tead of cohonati\e nn in the ether Mr-aar-, nere M. 

seeiti' more archaic than Z. ; tzvy: \ ffl." yko : c or a/, ar ;c,- 

in nybcsii'li. v is clearly c. a^ in c/; i’/' iZcuu/s " !■ i-' .i_\ w :e'';.e''n 
Croat frcan Chd Slavonic d'n' — s': cf. Lzech. "z - a\ : 

note the form in IM., zsoi/daiini '■dail_\": of/'.'O'.s'.'i;/';;. with ’tire 
Croatian ending of i p. pi. — avio^ ^Z. osUiz'-I-it'jr . i;.::'! :r' ern 

Cr. ditduik with iOs.=5 of /. as is characteristic in tiie niedtm id;:"m. 

The following diiterences of traimlatii'in should aEi-. he n.'Ce’l : l. r, 
{'tdrcbiii does not mean "daily." bn: "necessary": t!;e Rtw-ia;' Sla- 
vonic form uasustiibi also means "actual; need.ful," i ''r-mwe tlte 
change in modern Cr. from the vowelles' preposition v into ;/ in it 
napast " into temptation." 

The forms in parentheses represent the variant- of tlte Rtis-ian 
Church Slavonic from the te.xt of the Codex Zographensis. 

Ave Maria. 

Note that takoc, "also." appears in modern Crciatian as takod- 
jt'(r). The ordinary western version of the Ave iMaria ends : " prav 
for us sinners now and in the hour of death.'' whereas the iVI. ver- 
sion has " prtiy for us sinners and for our dead lone-i." a uio.zi 
unusual variant in a Catholic work! 

The Russian C)Id Slavonic version is as follows; •• C) \*irg;!’. 
IMother of God. Hail. Blessed Alary, the Lord is with thee. BR-ssed 
art thou ameng women and Blessed is the fruit of thy wrimb. whnm 
Thou hast borne as a .Salvation for our souls.’’ I can find ii'j trace 
of either this or the Croatian version of AI. in any Cathcd.ic wi:rk. 
It is significant, however, that in the many Orthodox hvmn- to the 
A’irgin, she is regarded as the special patron of the faithful dej.arted, 
which probably accounts for the Al. variant laying stress cn this 
particular asjtect. 



J(ilX'l'lX( i .\S A I'L'XDAMr.X'l A!. i'AA r( 'U IX THE 
Dix .k \i)A I'K ix ('H' Tin: i.i riii ><L-iii:RE. 

ri.AK-< \ !-viii 

i;-. rRKDkkU'K KHKKXl'RLI), Pii D. 

i:. i ji'< ) 

This paper i< ilie ix-'iilt in jiar; ui a 'luily of the variriU' factors 
of rock wcatherintf .and erosion wliich 1 lieiran seinic } c:r.'s a.jro and 
which h;i5 boon influenced further by ;i study of the citects of 
marine erO'ion alniit;' the north Atkiiuic coast. 

At a certain point 1 had the idea of trying to rind for inechan- 
ic;d weathering a definite factor comparable to the part which chem- 
ic:d non-equilibrium [days in chemical weathering: further study 
convinced me. however, that there is one factor which is constantly 
acting in advance of all other factors of both weathering and erosion, 
and that this factor is jointing. 

In almost all studies and in most textbooks and other geological 
writings on the subjects of weathering and erosion the matter is 
usually approached from the point of view of the contact of the at- 
mosphere. and the results of both weathering and erO'ion are often 
spoken of as the attaining more or less jierfectly of an equilibrium 
between the surface of the litho>[diere and agents of the atmos- 
phere. Thus Ijoih the formation of “ clay " and the formation of 
a "peneplain" nr base level are regarded as the final [noducts of 
weathering and erosion ; they are the conclusion of a cvcle of changes 
which began in a cemdition of non-equilibrium, ran through various 
well-marked stages and ended at la.'-t in so-called flnal {nodnicts 
which would or do remain jiermanent until some general earth 
change takes place, when a similar cvcle will begin anew. If this 
is a fair statement of the matter, as I think it is. then the-e are the 
results of the contact of litho-phere and almos[)here to jiroduce a 
surface equilibrium. 


3G3 
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W’licii, huwcver, the nmeh Lirucr .-uhici:; nt thic rLiiitctt. 'ti nt the 
litho-; il'.cre ut yencrtil to a catiiluiiaii m nitetli'.titt like 
is ccin-^i' A roi I. these > 0 'e;illeil until priihuet' nf “ el.i\ ' i’'i the leie 
hail'l titih lit " peileplaill' " nn the nther ei'e ■'Lett tii 'he not titial tit 
all hut tire retilh’ the end pnuluet' nf ti 'erii - <>' aei'ii^ wlv.eh are 
more or ticeulenttil or loctil. i he ^eeiind piet’t tlieti iition. 'aliteh 
I \\i^h to re>L ti ease thtit the ilettrtultilio;! of ;!ie htlto'pltere iti- 
cluiline' hijth the Itictors of wetitheriitp and ero'inii 'ot'.ii. ihlr.e 
which i' Hot e>'ent!tiny titnio'pherie' in it' control Init X 'Milter .'oine- 
thii!”' wh.ich i' a lundanienttil fetuiire of the litli. I'phere 'tructiire 
itself : and that all the as'ents of irO't. 'urftice drainage, piaeitd tic- 
tion. chemical weatherinst; or other ^urfttce or aimO'pheric attent' 
are b\' their nature e^seIltitllly accidenttiU \shich do infitience local 
results but are not the controllintf factor.'. 1 f 1 nitty illu.'trate the 
point by an appeal to some other fratiicd structures besides the 
lithosphere such as the behavior of tiietttls under stress, we may 
make the comparison by consideritig the active life or coherency of 
a pair of car wheels or axles. This active life is conditioned not 
so much by nature of the particular train of which the wheels or 
axles are a part but rather by the nature of the steel and also by the 
fact that it is almost, if not quite, impossible to make masses of steel 
which will be destitute of flaws wliich will become joints, or to make 
a steel which will continue elastic. The fact that one wheel may 
outlive the other twice over in active service is more a question of 
time factor than it is of difference of the agent which produced the 
final break ; the eventual cause of the break will in the vast majority 
of cases be due to some inherent factor in the wheels themselves 
rather than to a particular agent or a particular occasion or accident. 
One of the great problems of metallurgy to-day is to {jroduce a 
steel without joints and it is also one of the problems of geologists 
when they try to conceive of the lithosphere without these same fun- 
damental lines of weakness which we call joints: almost the onlv 
condition of the lithosphere where we can hypothecate no jointings 
is in a molten mass. 

This tendency of earth matter to arrange itself in definite lines 
of weakne^M seems to become more striking the farther we investi- 
gate the fundamental structure and the behavior of the lithosphere 
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ii!!i’;cr "enlii^ical C' I'li lit ii iii^. K\cn uiici iii>i iliilaicil .-aniJs 'huw tlr.' 
'ii’iic di'iM.-iiinn iir.ikr ilic ainui'jihi-rc lu arrant;c thcni-L-U cs in the 
re;a-,itin;; j'atteni-- winch are Ciiinninn in the ca^e of rock ina-'cs 
uirieiAiiina lii'inicttratii in miikr tlie inlltlence of tlie a.tirn I'jihere. 
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'1 he literature resjaialintr jnint' a.nil jointinsi structure- now 
lar^e ami wiilespread. It need n.ot he reviewed in detail liere a- it 
i' eeneral princii'Ic' that I widi to di?cu.-<. r.ot the deui’A of the 
literature. However, certain "eiiertil works niav be cited. I'-arlier 
(li'CU'siou will be fcaind in the work of <',;;nther.- .also i in.nther 
Lei|n.)!(lt tiiid r’eschel;’ I'enckd Euiian.’ All geo!oy:i't' tire douiit- 
le.'.-^ familiar with the 'li^cussioni. on earth feature' inchidi'-ic inints 
in the monumental work of >ue'< on " The Face of the F.irih." 
Later literature reference' may he found in papers bv W. M Davi< 
in tlie publication' of the United Si:ite> Ueological Survev. and to 
hi' ptipers in the of the ideological Sircietv of -Vmerica. 

1 hO'C wh.o tire interc'ted in the noincnclaiure cn' fauit< ;md 
jumt-; may coii'ult the report of the cominiiloe' of ih.e Ueolottical 

" '■ Li.lirhuc:i il Stuttpart. 2 vnls . lAXn 

- Hai'.iiliuch d. (ji.i.iii!n sik." 2 ve'.s . Stuueart, 1809 
'■ ■' P!iy''.'clie Frdkr.nde. etc Leii'/ic. e \oF , t8p)-8o. 

’ " Mori'l; dcr Erd."berll,c!ie.'’ Stutiyart. a vols., 1894. 

' ( h-iind :::,ic dcr I’liys. Erdkundc. lull. 

\’id XXI\'.. I'aeC' 187-J16 especially. 

■ I'uU. Cicl, .hner., \ ul XXI\ .. pp. 163— iSo. 
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S'jcieu' 01 America: Flohh^' in a lone;' >er;e' of jiajiLr-- li.i' ili'CU"c(l 
quiie full}' t!ie >ubject ul jointinq in tlie relalion :.i canh lA.iUire' 
and surface condition?. I. D. Scott'' d:?cn'"e' joint' and iractnre 
system.' as ei'iecting relief ;ind control of drainage ami eive.' al'o a 
stimniain' of the literature on the general topic of joint'. F'nc of tlic 
surpri'iny thiny? about this literature in reyard to jonit' i' the almost 
complete ayreement among textbaaik writer' in llie comparative neg- 
lect of jriinting as a really important active factor in earth d', n.imic? : 
the subject of jointing is usually considered as ;i phu'C tjf 'iriictural 
geoloyv rath.er than as an active controlling agent in the beliat ior of 
the liiho?phere. This is, I believe, a serious neglect and a condition 
of affairs which is totally unwarranted by the nature of the sub- 
ject. fine of the chief points I wish to emphasize in this discu."ion 
is the proposition that earth fracturing is one of the essential active 
fundamental geophysical constants akin to igneous agents in the 
continuity of its action and the universality of its results, that it is 
inherent in the nature of the litho.sphere ; no portion of the world 
as we know it to-day is free from the action of jointing and I be- 
lieve it can ultimately be demonstrated and proved that this jointing 
of the lithosphere has been active throughout the past geological 
history as a general controlling factor in the great geograjjhic tind 
paleographic changes shown by the records of historical geoloyv. 
Evolution of the lithosphere without the controlling influence of 
jointing seems to me an impossible hypothesis. 

It may be worth while to classify into a few general groups the 
manner in which jointing is now seen to be a controlling factor in 
the changes occurring in the lithosphere ; among these groups mav 
be cited the following: 

(n) Repeating patterns of authors. 

(b) Control of river drainage.*" 

(c) Coast lines. 

s Details may be found in “Earth Features and their Mennincr,” Xcw 
York, 1912: “ Earthquake.?,” Xew York, 1907: see especially BuH. Cio! So- 
ciety of America. Vol. 15. pp, 483-586. 

s Gerlands, Tcitr. zur XIII., 1914. pp 163 ft ; idem .y,]j 241-260. 

Hobbs. “River Systems of Conn.,” Journal Ccolony, Yol. IX , moi, pp. 
469-485. Idding.s. ibid., Vol. XII, . 1904. pp. 94-105. 

m Hobbs. "Lineaments of the Atlantic Border Reyion,” Biil! Cool. Soc. 
Aincr , A'ol XV , pp. 483-506. 
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( d I 1 , (if '.^1,1 1'j laical lornialuno 
( t’ I 1 ecl'i’.r.c CiiVitrul (>1 (.•art!ii|ua'iM.' 'luiok-.'- 

I r I I'j i;u rX' w c.dheriiiLf -iicli a- in ihc (Irand C'anxon. iiijwlder 

'i', cii..'. 

( I xi’.i.ii'c huc'.' 

( /. ] \'a!l>.'\ fi in ilnc in faiiltin" iiiiiler juint ciinirnl. ’ 

I ' 1 I Irand fia.’.r.rc- ni ;b.e earth ;o related tn l'.ne^ (.if fraciure and 
nliick cnKn;- re'uliinif thereironi.'- ' 

I / I I’la.'.ean. ; ta.c'.iir’nt; a.ndi di-intetiraiiun.-'" 

( )i'n.i-r ll'n ratnre nnLtht a.l'n he cited hut thc.'C referctice.-; a.re deemed 
eniiueh fur the imniciiitite jiurjiU'e of illtotration. 

It !' evident, then, ihtit 'V.-^teiUr of fracture tdony detinite lines 
of liirectinn extendintf both o\er wide ttrea' of country and in 
line' of trfeai leiieth. are to he regarded tis playing a major part in 
litb.o'phere evolution, and that jointing must be regar>lcd as one of 
the tictive agents at work in tlie hehtivior of the liiltosphere. 

Tl’iC discussions in the literature of the science concerning the 
origin and ntiture of fjords illustrate probably as well as anv one 
phttse of the subject tlie attitude of writers toward the relation of 
joints to earth-structure. Gunther-' give-' a resume of the discus- 
sions of theories regarding fjords and groups them into the follow- 
ing classes ; The Depression Theory, the Cleavage or Fracture 
'I'lteor}-. the Glacial Theory, the Erosion Theory. It will be noted 
that all but one of these theories seek to explain the origin of f jords 
upon ^ome basis really exterior to the nature of the lithosphere con- 

--H'lT'i-, Eartliiiiiakes,” Xew York. ii_jor. I'jssim: includes also refer- 
ence III ut'.’.^r k.i'.r.t I'teratnre 

F'na'cr and Tarr. " Geology of Cape Ann. IMass .” Qth Ann. Rep L’ S. 
G S . is.sp-.s.'S, pp sc'X'ii. 

^‘KeTun. ■ Prelnr.inary Report on tl'.e Geology of Essex County. X, Y..'' 
Report X. Y. .^taie Geol Survey. 1S93. pp. 438 ft. 

Hi iMis, Fit!! (/cof Xoif. Aincr . \'oI. X\’ . pp 503-506. 

E Erdmann and Xadior't. Erdmann. " De=cr. de la form. carb. de la 
Scania." 1873. Rnval Swed. Gcul. Institution Xathorst, " Gcol. Foren Stock." 
IX,, [ip 74 ft .See also Sness. "The Face of the Earth," \'ol j, especially 
for resume of tiic'c papers and aho discussions of the .structures of the C.ana- 
dian and Paine sliidds, (The English traiislatinn by Sollas is il;e one re- 
ferred to I 

Gunther. " Lcb.rbuch.” Vol. IT , l8.8j, pp 463 ft 
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struction. Thu#, SupaiT'' says that " There can he no reasiin id 
doubt that fjords are snl)mert;ed valleys.” and compares the Laxe 
Fjord of Xortvav to the one which would he fdrnied by ib.e -ubm.er- 
gence of the wedge->ha])ed 'J'halbucht of Salzburg. that 

the sea were to over.dow it. This ina.y be jierfectly true .a- far a< it 
goes, but it leaves vet unexplained the rea'Oti for tb.e 'ini:lar't\- of 
the structure of the two places indicated ;in<l aL-o fad- to explain 
one of the characteristics of fjord coasts and thtit i- ib.eir remark- 
able jiarallelism of structure, a paralleli-ni which iitiite- tlie'.r -inic- 
ture with the parallelisms seen in other aspects of the -urf.ice of 
the lithosphere. The fracture or splitting theory is attribitted ii}- 
Gunther to Peschel and Leipolclt anil mtiy be stated ;i-i fiidow- : The 
destruction and breaking up of the coast was attended with, it- ti-ccit- 
sion : originally the cracking or splitting was not farther titan the 
ascent of the greater layers wliich. in consequence of the ujdift, 
arched over and later the fracturing extended through a shrinktige 
and diminution of the mass. “ The ujdift and d.estruction were 
simultaneous.’’ It was proposed in brief that the destrucpnii and 
breaking up of the coast was conteniporiiry with its ascension. I'he 
erosion theory and the glacial theory have been involved in the wide 
discussion in the literature, as. also, may be said of the depression 
theory. It may be objected to each of these that it uses an agent 
which is more or less accidental as a primary cause and makes no al- 
lowance for the nature of the rock or material structure of the coast 
and also fails to explain the remarkable parallelism of fjord s:ruc- 
tures. ^Moreover, as has been indicated in the literature quoted, 
there are numerous other places to be observed where the present 
structure of the lithosphere would produce a fjord coast if it were 
to come in contact with marine erosion ; the Grand Canvon tirea, 
also the canyons of the Yellowstone and indeed the jiarallelism of 
small stream valleys such as may be seen in the Appalachian fokF 
near Harrisburg, for example, possess the nece-sarv jiliv^'ctd -tnic- 
tures to jjroduce a parallel indentation of the coa-t, ?upii(j-iiig that 
some agent of erosion, such as glaciation, were to 1ic iinolved. 
Gilaciation then and marine erosion are to be reganled n- a.ccidents, 
not as the primary cause of fjord coasts. F.ven if we ri^-ume that 
O/’. cit , pa.gc 579. 
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fill!''!' .irc x.ilk-x', iliai .'iill duc' inT cxjilaiii the ptirallcl 

'trueu’.re wh'.cli \<i in- i.h-cr\e'l on huth 'iik- of the iiortlt Atlantic 
e",i't . neki.,'!. ;|;e 'in :lir ch.ir.'LCter of t’ne rric't 'tniciure rpii the 
iip.rih \ili’'.t'e e'la't, ni Aineric.i :c'il l-nn.] e h'lth.. .'■.I'.ii hi tile I'linil- 
o' the Xrcfc >e:!, .k'nii.n'l a ”e:H ral 'tritctiire rat’ier than 'initilv a 
ae'UT '.1 tiCelll. 

\\ !ie:i tile (!i'Ci!"io:i'- ot i.nncii'le' concerning'' fiord, -triicfares 
..re ..nnlii.d eeni.r..’!\ to ,i Male tract o! the e.irthX ^llrf;lCe. ~ucii a-; 
opT exanijp’.r th.e .Xort’n Aiiirrictni continent, certain jpoint-- ir.av lie 
-hown. tna! 1 mi-Ii tti '-iicce't th.it th.at Rart tpf th.e Xortii .Vnierican 
Continent incht'lepl ]iet\\i.i-!i litie^ I'rawn fi'pitn tile mouth, of the 
McKcnxie fix er through ( Ire.-t I’.ea.r Lake tuiil < iretil >L':ve. .\tha~ 
ha'ka. W in.nioec. tind. th.e (Ireat Ltikc' ttU'! another line <Ira\'.'n from 
Ltijpc Foil to Xox'a Scotia I'tiralle! in ceiiertil with the St. La.'pxrence 
rtx'er u;i to Xex\ fouticlltmil. ie controlk'i by a .-erie'^ of ma-ler joints 
who'e ueiieral tniyle^ of direction may he reail from the line? of 
'yre-ieni 'eti-ci'pa.-i, lake di'tnliutii'm. entrance of sett channek. bays 
and htirlKir-i and tlia: tlte.-e are till to he conceived of a? essentially 
attributable ti'i a yenerttl ctiti-^e xxliich i' in'le|>eni.!ent uf local condi- 
tions and i.' an e-r.-ential jitiri of tlie .'tructure of the X^urth American 
continent. Further, that this great e.xient of continental land has 
been in the part :ind is noxv, alihougli it is often regardeii a? one of 
the fixed segments of the litliospliere. undergoing disintegration and 
degradation in a manner controlled essentially by something which 
i^ independent Cif atnifp'j.heric contact and may be explained on the 
suppcisition of th.e falling apart of a series of segments of th.e earth 
due to ilie development uf these lines of jointing. I conceive this 
disintegration ami development of jointing to he due to the loss of 
ela^ticity iit th.i,' portion of the lithosphere. This mas« of the conti- 
nent ha- hecn since -\rchean time^ loaded repeatedly liy the recep- 
tirpit of Sediments exteniling from early Paleozoic to iMe-^ozoic limes, 
it ha' been flooded from time to time hy water, overrun Ixv glacial 
ice, and even if not presumably ruhjecied to elevation or suhsiilence 
it ha- nexarihelc'S hecn suhjccied to a 'crics of earth pre-'iirc' and 
'trains so that a series of nia'ter juiius have lieconic a primarv part 
of its structure. 

1 hat under the enmhined attack nf atmo'pherie weathering in 
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its various tispccis. and al?o uinlor the tittaek of tlte lorees of the 
sea, these joints have become yreat line.-' of weaknc". .-o that the 
whole outer portion of the litho-^phere is here under^ouiLt ;i [irotound 
and fttr-reaehins^ disintegtration. This ^e>[^ence of e\ent' of re- 
petited lotuhnif by sediment tind erO'inn of the 'Urftice liy :ce caps 
has produced a wornont condition of the litho'phere ^;rlICture tit 
this point, so that even if we regard the Canaditin .shiehl. tinil 
analogouslv the Baltic Shield, as one of the fixed 'egnteui.' of tlte 
earth, we mav still observe that it is iindergijing degrtidation ju.'t as 
other surfaces of the earth are undergoing degni.kuion. Th.e fact 
that it ma}' be regarded as fi.xed so far as up and dow n motion is 
concerned does not conceal the further fact that under the loading 
indicated the mass has lost its elasticity as a steel mass will even- 
tually lose its elasticity and will be subjected to falling apart. It i' 
possible, then, to regard even the fixed positive elements or hor-ts 
as subject to disintegration and reduction through combined jointing 
and marine aggression, in other words, it is possible, in my estima- 
tion, to demonstrate a reduction of the lithosphere below sea level. 
As 1 conceive the situation we are witnessing, in short, the destruc- 
tion of a continental mass through the combined effect of forces 
from without and from the inherent weaknesses which have been 
brought about through pa.st geological conditions : that finally we 
have here not so much a rise or fall of land as we have of litho- 
sphere planation or reduction upon a grand scale, and that this 
planation is hastened and largely induced through the weaknesses 
in the continental mass itself. 

It may further be seriously questioned whether the " peneplain " 
of this Canadian area may not eventually have to be regarded as due 
rather to marine denudation rather than to atmospheric erosion. 
One of the objects of this study has been to con-ider the old and 
now somewhat neglected subject of marine denudation in connec- 
tion with the modern study of joints. Further details of this will 
be considered later in this discussion. 

Since there is stratigraphic evidence for believing in the exist- 
ence of former land connection across the northern hemisphere with 
perhaps former water channels leading down into the present Furope 
and Xorth America the question of the disintegration and degrada- 
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ti p’.! ip! ill--' L.i.'l nui" IpL-ounu-" ipik- of coii'lilcralilc iniere-i in ihe 
[ph_\>;c:.! ‘r\ ppf i!k- aria in iI’.''CU"inn. 'J'hat the ii>nai ]jrLPCi.-''e< 

uf lain! 'iiriaai,- crti-iipn .in.l cp inii’K-ua.l <k-i;railaiii:pn are noi enrpiv^h 
ipp cMii.nn 'iK n Op piiiinental <k"-'.riK';iiin iiiav ]po"ilplv he a inauer uf 
(pj p’.i'.'.p in ra’ibp,;' I'n.an ah-uluA* jiruuf. lluv.ever ih.e cual heik ami 
tl.pra uf ;he Ti n.n.'X Ivarian fniinai in. Sjpiizheruen. the occurrence of 
Me'pp/'p'C 'k’n'i’.' aci'"-' ipraciicallc the area cjf ihe northern |part 
of ilte l-.en.'.i'-, ih.p.re, the >iini!arit\ (pf certain viuil "roujx on separated 
area-' of th.i' ea-t tract ip; the eartii arttne for tiie exi'ience of such 
a de'tro\e<i 'ami nia'S. a !aml ma'' tvliich lias left its relic' in the 
form (pf i'lar.'i' in th.e arctic <ea. in tlie form of in.dentaiions and 
muitituiie' of channels .ami in the 'ir.iilaritie' which arc to he ob- 
serve'l ill the 'tructitres of the Lknti'lian and Pciltic provinces. 

1 he literm.ure concerning' .'einie of ihc'c tirctic islands is referred 
to ekcwltere in this ptiper hut front ilicir present situation and 
methods (pf (kstructiun I helieve the explanation of the destruction 
of this fpjrnter laitd mass lies essentially in two things, a definite 
structure iti the lithosphere itself and in marine deniulation or 
degradation; th.us showing in the com'iination of these two elements 
the fact of land or lithosphere surface degradation below sea level. 
It is of course true that other forces such as change of sea level 
may l.ie involvcpl in this. Since the descriptions given of the marine 
degradatioit now in progress at Spitzbergen iitdicate a very dehnite 
joir.t control both in the lines of fracture and in the vertical faced 
clihs caused I'py marine erosion acting against a jointed structure of 
the rock, we may explain this along j-rccisely the same lines ihtit the 
disintegration along the coast of Xew England and in the islands of 
Casco Bay ntay he exjilairicJ. iltat is. by jointing and the disintegrat- 
ing eifect of marine attd aimosplieric tittack. The theorv that the 
Caua.plian .''h.ieid' ' is a peneplain and has been so since Pre-Cambrian 
time, is ni'pt mierfered with bv this suggestion: it is rather all of it 
involvcii in an attempt to explain this and other great continental 
degradation n]'i(vn more detinite ground than the usual processes of 
atniO'pheric agenis acting as the forces of erosion. I liclieve it is 
p(ps^ilplc to -hijw' that lielow the zone of ordinarv base leveling or 
pcneplanaiion lies a still further zone of possible degradation through 

Pirs-on ar.(i Schuchert. “Textbook of Geol ." I'li. ssolT 



372 EIIREXFELD— TOIXTIXG AS A FUXDAMEXTAL FAl TOK 

the (Jestructive influence of thn^e joint' which are pan m tiie unifla- 
mental nature of the lithosphere itself. 

The old problem of marine plantiiioti which wa- so iruch (!i~- 
cussed by the ,2;eoloe:i'ts of the former t;enenition laid at !ea-t ele- 
ments of truth in it, elements which are, I belieee, cu\ered by the 
mutual action of joints and marine tittack producint;' degradation of 
the lithosphere below sea level. So that marine phinatban dioes act 
to produce a further degradation of the lithosphere below tlie base 
level of erosion or below Davis's penepilain Thtit to rL-tate tlie 
point, weathering and surface erosion proceed bv the u-iial well ob- 
served methods and reduce tlie litliosphere to re-iduad. samis, cla;, s 
and peneplain but this does not comjtletc the possible furtlier ilegr.a- 
dation of the surface of the lithosphere bectiuse the joints wh.ich 
have developed as one of the ]>riniarv features of the lith.osjihero 
extend on down below sea level ;md granted an aeent of tratispor- 
tation, for instance the sea. anil its currents and tid.es. there is .still 
the sub-base level process of rlegradation proceeding It mu't be 
remembered that the sea is one of the most powerful reducing and 
transporting agents known and acts always against the continental 
masses somewdtere. so that a system of jointing once started ;ind the 
sea playing against it. the action of reduction is carried along rather 
quickly as geological time goes. I have personally observed in the 
garnet-mica-quartz schist rocks south and we^t of Portland Harbor, 
INIe., the complete reduction from jointed blocks in the sea cliits 
down through various stages of pebbles and gravels to sands wdiich 
are composed of quartz sands and the garnet crystals from the mica 
schists, while the mica is by tidal action carried out bevond the ^hore 
to deeper vrater (Fig 3. Plate ATP). 

I put some considerable emphasis upon this becau>e tlie actual 
beach evidence and the evidence from sands and graveh on the fore- 
shore in mam- cases fail to show all the intermediate stages so tb.at 
there is here suggested the possibility of many coarse and tine sands 
in the older geological formations having been formed by a process 
of rapid joint splitting, beach grinding and tidal di'tribution of the 
residue. The rapid accumulation and great diversitv of -ands. 
gravels and conglomerates of the Pottsville, for instance, mav have 
been due to such combined action of a jointing structure tinfl a rapid 
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a"ciii di' ”ri:i‘li!!aa In ihc ca-c (ji the unc nf ;hc niarkeii 

fcaturi.' 1); u i' i!k* occurri,ncc at tananlo interval^ of iiKn''ive 
>ilio_-dU-- Cdn^ldr.K-ra’.t. ' which a'lcrnatc with nne .'and' anal cual l)cds, 
l)a\:il W In-tc'” Iki' 'iininiarizcd llu- l;lcr..:urc- in retjard to the I’ott.'- 
\i'ilc anal [ha fi illow ina (HU)i;U!iin' arc frcmi hi' jcqicrh' 

■' t'.'a 1’. i'.;-'. ;l!c nirni.'.t' ir. in tiic rLcaiii C' iir.;.! i! c’nictiy of massive 

siliccii!' C‘ iiic’.'iiiu ra'a ' . \\;iK-ii Comari't,' a sera' of ponuRroiis com[!ijm~ 
cra’a' v.ia'!. .at more lariaMc in Col.ir, Composit.i.n am! a"or!mei'.t in the 
lower jiar; are! im re liuart/o'e, (ie’''e ami halit culoreii near tla- top . . . and 
are n.ter'pe ree '1 wit!', a numher e'f carlionaeeoi!' hed.s workaMe over consid- 
erah'e .ire.i' . . . 1 !ie ceinc’omerate.' intercalate'! in increasing proportion in 
t'-e uppe’r l.e'ls of the M.iuch Chunk Consi.'t of irrei'ulariy heijd.ed poorly 
a"ortei! or oinutimes apparently iina"(jned pehhle or howlder accumula- 
tion,' in a ni.itri.x t'f ctiarse arkose 'am!^ Cjlored hy red'lmh or greenish shale 
was'iies T’-.e pehMes are mostly of (juartz. th. 'Ugh sandstone, syenite, chloritic 
sc'.iist, hnie'ti.'ne and even rc-'l anil green .-liales and conglomerate fragments 
are al'o iire-'ent. Occasionally the iie-hbles wliich are sometimes subangular 
attain a d.iameter of d or 4 incites or more; . . 

Further in the same report ( pp. F61-863 ) White disCUsses the occur- 
rence of these conglomerates and their possible origin and says: 

" The remarkable .strength and varying activity and direction of the move- 
ments of the early Pottsville sediments over the Mauch Chunk delta in the 
Schuylkill-Swatara region during a period of oscillating tide level are proved 
by the alternation and high degree of irregularity in the Pottsville beds, by 
the transportation of the conglomerate building material to a long distance 
from tile present margin — 1. c., by the long radius of the fan — and by the 
size of the bowlders which are sometimes encountered far from the margin 
of the field. In illustration of the latter circumstance, the occurrence of 
bowlders, 7 or 8 inches in diameter m Head Mountain, described by Rogers 
('Geol. Pennsylvania.’ \'oL II., pt. i. p. 22) may be cited. . . . The inter- 
ruption of the general subsidence by short periods of elevation and stability 
. . . accounts also for the readiness with which the conglomerated sediments, 
which usually almost directly, when not immediately, overlie every Lykens 
coal were swept across the carbonaceous deposits on the recurrence of the 
general downward movement ” 

White, in discussing the origin of these Pottsville sediments of 
so pronounced a character, seems to fall back upon the idea of a 
rapi'lly depositing series of coarse sediments washed down from 
high lands back. (See quotations as above.) There are indicated 

s*' David White, "The Stratigraphic Succession of the Fossil Floras of 
the Pottsville l-'ormation, etc.." 20th Annual Report of the Geo!. Survey. U. S., 
pp. 749 - 95.1 ( Part 2), 

Idem, pp 762-763. 861-863. 
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here certain }ih_\>ic;il cumlitions which tire f.i\ i 'r.iiile tn li’.t. nre\’a- 
letice of joiiuint; influence. The.~e are the ni.irkeil trad: ci'E'..! na- 
ture of the ilisinieeratiou atnl the rapiiliit uf iRn'-'i: a-' tla- 'Liii- 
ments before cheniictil w'eatheriiiit or ili>in:eeraiian In. 7: ’n,-! liint- in 
act, the repeated occurrences of coal swamp-' oterrun 'm iK.itih' 
bedded o-rtiveX wdiich indicate-; an un-table rnei, e . iin r.i irniim fa- 
vorable to the idea of the prc.^ence of joint-; ami ■.a’’-v nn-- 
ence of subano'ular blocks and larne pebble- tin.ii bi'w'.-U r- -i;o<,\, a 
rapid mechanical disintegration. It would .-eein i-c etiibu;: tlieii 
that the accumulation of conglomerates, such a< in the l'ott'\i!Ie, 
demand a rapid mechanical disintegration running tihetiil of cliein- 
ical weathering, and a grinding and transporting acent fj reduce 
the joint blocks to rounded bowdders, pebbles and -.ami- l.efore 
chemical disintegration has time to occur. This, it will be ob-^erved. 
is practically the same idea as shown in the formation of arkose 
sediments generally. This point will be discussed later in con- 
nection with the similar formations in the Newark formation. 
This reducing agent referred to need not necessarily be marine. 
In the small tributaries to the IMonongahela river, small streams 
flowing rapidly down slopes across jointed beds of sandstone, lime- 
stone and shale, I have frequently collected rounded oblong pebbles 
6 to 8 inches in length and also roughly rounded rectangular blocks 
of limestone which are manifestly the result of surface erosion 
and grinding on blocks due to jointing. The shales under these 
conditions pass rapidly to muds and are borne along to make river 
flats, alluvial plains upon wdiich river and stream ice might deposit 
the larger pebbles and even the angular fragments; the ability of 
river ice to do this is a matter of fact proven by observation. The 
dry summer stages of such tributary streams show manv such cases 
of comparatively contemporary joint degradation; often the orig- 
inal joint structure would have to be inferred from the nature of 
the surface gravels if it could not be seen in the immediatelv adioin- 
ing hills. 

In the case of marine planation there is also the further fact 
that an increase in the encroachment of the sea upon land mas-es 
acts in a manner analogous to the rejuvenation of a -tream bv 
elevation of the land surface, it increases its cutting and transport- 
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crate.' ; in junic ca'e> thc'C iinwlck-r' are "from 3 to 4 feet" in 
diameter, the-e la't iivini 'rennex^ce. In (ii?cu^>in5r the origin of 
these conglomerates Walcott bc-Iieves " thtit tlie sea bed was raised 
in ridges or dome' a.bove the sea level and ihu' Mibiecied to the 
action of -ea 'hiiire ice. if ]'re>em. and the aerial agents of erosion. 

. . . The inference i> drawn that the dehri' worn from the ridges was 
deposited in the intervening depression beneath the sea " Walcott 
does not consider jointing in this connection at all tiiough it niav 
be regarded as a necc''ary adjunct for more than one rea'On. For 
one thing it is verv much to be doubted if marine erosion as hv- 
pothecated could occur unless the ruck masses of the limestone were 
already in some separated block form, ready to be torn ajiart and 
beaten about by tidal action; if on the other hand erosion against 
a sea cliff or agaimi a mass of rock exposed to atmospheric weath- 
ering be rcgariiod a' having occurred we must again, in the case 
of limestone, believe that jointing was the predominant factor as 
otherwise the limestone would be reduced to weathered residues 

“Bull U. S G. S, Xo, I.S 4 . rP- 34 - 40 : pis. X-XIV. Especially p. 36 
and p. 39. 
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which wniild be much .-lower in tlieir accuimilation and would 
hardly be in block or even {lebblc lonn at all, Seci.ind!\' the i.le\a- 
tion of the oriulnal bed,> could >carcelv Itate come .ibout without 
fracturing as there is no retison to >u;i;io~c tb.at tile bed- were -o 
deep seated as to come within the " zotie of tiowas;e," the elevation 
was not probably great and would uiiiler the circum.-tances be in- 
cluded in the zone of fracture. 

From the paleogengraphic point of view' the -ubject i- po.'Se'.'ed 
of possibly more than p:is>ing intere-t becau-e of the fact that it 
introduces into the study of unconformity or non-con formitv a 
means of determining the lime factor, and also the means of deter- 
mining the fact of a break in the succew.-ion of depo>itio!i. and it 
may also serve to determine the fact of a stratigraphic break with- 
out the recession of the sea. Walcott's idea of the events of the 
formation is practically sub-marine planarion. a thing which could 
hardly occur without a very rapid cause of breakdown in the lime- 
stone. such as would result from jointing. 

I have no desire to burden the nomenclature of the science with 
any new terms, but the idea of jointing causing a reconl of a dis- 
con formitv which would otherwise be lost seems to me worth the 
notice. If the displacement of the lower limestones had occurred 
without jointing it is most probable that there would not have been 
enough disintegration to have left any record unless the time inter- 
val had been long enough to bring about the usual atmospheric 
weathering. In the physical conditions supposed by \\’alcott the 
development of jointing would also act to prevent the persistence 
for any great length of time of a barrier to faunal migrations. 

In connection with the discussions of the conglomerates of the 
Pottsville above, reference is made to the arkose conglomerates and 
sands of the X'ewark. Since the granite pebble conglomerates of 
an arkose character are now to be ob.^erved in formatii.ai along the 
coast lines where rock disintegration and degradation are controlled 
by joints and may easily be seen to be so, as along the coast of 
iMaine for instance, I believe it to be probable that the arkoses of 
the X'ewark of the Atlantic coast states are also due to rock de- 
struction caused by joints, inasmuch as the sediments are composed 
of materials which show a mechanical disintegration always in ad- 
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\;nK'c I'l ob.t '.liic:!! wcailurinL^. In tlii' ca.'c die (k-'inicdoii and 
dc^rad,,.d‘ wnnlil fullww iijinn Uk- jircxinus hi--i<ir_\ of ihc region. 

1 I’.c 'li-'inb.na'c' of tlie- .\]i;,.;Lie'hian Rcvoliuion had lirought 
aEnin .1 ea III in t!ie rook iiKi'-e.' invohing hoih folding and 
fraciin'ine:. I'niine; die cl.i-ine; .'lagc' of ilie 1 V-nnsylvanian. and 
niu'i ; ii'i m:, ‘ mr -nine Innc ailiT dii' clo^e' ni thi-; time' jii'etj'C-r 
dieic Were Cl iniH’.a iim of non-e-'iniiihrinni. the jiO'iiion of tlie ^e'a 
!e\el '.\a' mi: j rohahlv lixei! Inti wa< in an O'e'ill.itorx' e'ondiiion. 
I'hi' e'l ■mlnii laf il’.e litli- >--] iliere in lhai jioriion of d.ie North Amer- 
ican ciintiiu-ni now kmawn ;o die ,\tlamic liorder would involve a 
>y.-ten! of rock ,'trucuire> in whicli by succc'sioio of ^trains. folds. 
^!lifline' of 'ca level, die el.asiic re.-i-ttiiie'e had been destroyed, 
rile rock ma—c' would p.'i'- by v.aritiiion.e of uplift and ero-ion into 
the zone of fr.i.ciurc as well as the zone of fobling. The Newark 
time would, t-.pi'ie.'ir then a.s a time in which the strains of the jirevious 
time era h.ad ile-veloped a gretit mass of fractured and jointed rock 
a.' the outer jiortion of the lithosphere. 

The i hysical conditions of the continent east of the present Ap- 
palachi:in mountains were manifestly very different from those 
west. A'hat it was that induced the great degradational move- 
ments to form the thick deposits of the Newark must be some- 
what a matter of conjecture. That it was rapid is indicated by 
the nature of the sediments, that it did not in large parts of the 
area follow long periods of thick accumulation of a soil cap from 
chemical weathering would also seem to be a legitimate conclusion 
from tile pronounced mechanical nature of the sediments, as the 
granitic sanii?:ones for example. 

riic cliaracter of the early Pottsville sedimentation together with 
the Newark series as described from its scries along the eastern 
states would however seem to call for an explanation based upon 
the iilea of a (juick mechanical rock destruction and transportation 
such a^ jointing would induce. The fracturing of the surface for- 
mation- of the lithosphere had probably already occurred, there 
was needed th.e agent to separate and remove the segments small 
and great due to this fracturing. This might have been just as it 
is now in various portions of the earth due to sleep surface drain- 
age. glaciation or any one of the active means of transportation. 
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The closinsj staijes uf the rerniiaJi Itat e Iicli! 'tippii'cii !'i 'h.uw 
even in North America etiilences of "laciatiim. '1 lii> i:ia\ !u\e 
been sufficient to exjilain >ome of the a.rkcoc >an.Ktoi'c\' lint •.h.ere 
hardly seem-; to be enough evidence at hatid to h.t'jirithtcate d'.'- a,' a 
general condition extending into the Newark, All that 1 atn en- 
deavoring to demonstrate is the ftict of :i [.lu'-ica! co;'..ird, a-, ni the 
surface portion of tb.e rock atructure favorable to ca'S a;;d r;.i-:d 
di'integrtition rtiiher titan to irc to e-tabl-'h. am. on.e ; '..rtt -f.k.r 
mctins of the tran'porttiiion of the li-oken rock fragn’c'nt„. 

E)n the edges of the Canaditin s'niel.l or "peneplain" as it lias 
been called and along the ed.ges of tlte continent borilcring the <',ulf 
of IMaine may be seen in active operation to-ikiv the results of a 
jLinttng structure to ha.'tcn mtiriiie erosican ; this i' taking place now 
after glaciation htis removed the surftice soil cap. the jointing is 
now fully e.xposed to whtitever means of rock transportatioti mav 
be at hand. 

From the fact that practically ;dl stages in the formaticin of 
granite sanrl. jiebble and bowlder fiats may be observed in TTOgress 
along this coast we may reasonably infer that the formations out 
beneath the low tide level extending over the continental shelf would 
show the marked characteristics of a marine arkose analogous to 
the continental arkoses of the Newark. There would thus seem to 
be recurrent eras of a rapid joint degradation dili'ering from the 
longer periods of the usual chemical weathering and erosion, these 
periods following either periods of earth strains or periods in 
wdiich after removal of the soil cap jointing would then proceed to 
a further reduction of the lithosphere. 

Jointing, then, acts as a connecting factor in uniting continental 
and marine erosion into a process or series of processes which, so 
far as the lithosphere is concerned, are consecutive. Here again 
the real controlling factor in the degradation is the structure of the 
lithosphere itself, not the particular agent, because, conceivablv, 
surface continental erosion followed by marine erosion are simply 
two stages of a general degradational process. There mu^t have 
been in former geological times reduction of the land >urfaces after 
the completion of a cycle of erosion ; it does not follow ih.at everv 
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[i.i'C lc\f! ’li\ tro'i.iTi \v..~ fi.lluv.cil l'\ a ri'c of kmd 

.in.i i. oa.' m! ;!h' nf ...nd. -n ia:i im an in- 

di '.'nil- c\'a 1 in. in-l 5in.n -laud ; irc\ n 'V -I . it will 

lie ■•I.i.n A 1 I'linaiTe ;1;<. 1 Iindan n. nial e..nl! iiinA' til have 

)i:.!,i.d ..iAm, a e i ul’nu. j'ar; in ; lalc.aLnra; 'Ihc lii'- 

iiiiw The en' ni e; ■ ■' . ;.d di'.-iin-'ekAi.n of land ina^'e', the ai;ien- 

Iiil; and eln' ne nf el an;aT id 'i.r- nneraiinn. ;he nllinw nii "f ehan- 

I 1 . 1 ' h lae n. ; n i'>rn\a',,n .n ‘e,,en. nna\els a'; 1 La.e ilnw ; the 
fr inna.ni a; "f A ii. an ; d tlal' .ntd ]■. .wider tind Aehhie fl-A- i I'ig. 

; I'la'e \ 11 '-lAh ,,:a 'o ei.nn.nn adiiie ih.e I'.AAer Atlantic 
e.ia-t a; e I e'. ''Tl a: a- ■ e..'i luiit. hilt -Ad 'hte 1 . 1 i'vntiti^ I . 
n'n-t all h , \ e a'. A. I d • ■ dr ■ ..a" ' AA't Ci- ■ 't:t'al'’’'e eha-Ve' .'if hr.th 

lan.'i an.d. -i. . lie i.. e n. Ateli n; w .intthtle" Iw iiA'irted. ni the 

Aa.'han e. it't hi the •Wahh. .-h ! rd liehrint; Sea. tvr.ttid. utider 

the 'I ed’a'it’e.'AAtee', he tAi aeti\e fa.e'tor iti the 5e|i:;ratii I’t of hind 
Ci.itftLCti. 'ti hetweett Ati'eTtca titid. Ifitrui'e. and A^itl. 

[■'iirtlternti ife. tice. .f. iit'a' to tlrA Ityin.th.e'i' of jijint conir.'il. the 
lie^truetton of ;i cretAL Continental ina'S .'.f lan.l ticrroei -die- northern 
Iieitiistiltere, which .'Oein.^ to lie indicate.! by tlie fact of rite relics 
of 'Itch a ntti'i iti the i'lan.ls of the north of Europe an. I North 
Aniericti, atid tltc di'trihmii'in of i'hm.ls in the Arctic Sea. all with 
their crninccted deposit' of I’td.eozoic and iMcsozoic. become' a pos- 
sihility explaittal'le upon more definite "routids than ^imi'ly the 
hvp.'ithe'is eitlter of se-a tictrre'sions alone or of ttlacial or other 
erO'ive prnce''e' tiltne. Thi' contitienta! d.estruction i' ittdicated 
hy the chtiracier of th.e sea cliffs of Spiizliercen and their rapid 
tinytiltir d.i'intecrtiiion tiinl the reduction of the lithosphere through 
a seric' of hlocked i.'kinds which are now diAintegratinc: utider the 
structural weaknc'' of joints and the tr.ni'porting power c,i marine 
cro.'ion. The detail^ r.f this may be seen by reference to the lit- 
ertitnre. Thii' the i'land' of Edainz Jo'eph' Eand. Spitz! lergen. and 
Rear Island in the -\rciic .'^ea htive been tipjietiled. to by various 
authors in illu'tration of the theory of jointing. I. D. Scoti"’ and 
Hohh'-’* reproduce the figure from the original exploring ex'pedi- 

- ■ Op. Lit., ]ll 2 

-iH.iMo. Hii’l. c;.-,’/ dec. .iwicr, V..1 jj. p! S. Fig a 
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tion.-" The ilescriptioir'' i;ivcii of the liri.akiiier iliwn of tlie'c 
island mas^es is that of ihe remain'; of a [iLtte.ni .'trnctn.re '!..e.\a 
throughout the island group, with fjord- which ;ire c'n.iracu ri-iic 
alike of the small i-lands and "the maiidaiah" Ae.d:i>t ilaoe 
islaitd remnants of a plateau carrying the reninana- of lIic horizontal 
lavers of Carboniferou-, Termian :uid Miocene deyo';t' "the -eti 
uncetisingl}’ betits in the further de-truction of th.e trant’.’.ent^ of 
the pkiieau, while strange pillars and tower.- inddcate th.e widic ex- 
tent of th.e iskinds ” destroyed in this way. This de-cription wdth 
the illustrations given in the litertiture referred to rlaiw- plainly 
enough the destruction of the land niasses by lines which are lutini- 
festly joint lines, and is fairly characteristic of simikir ,-e.t ci?ast 
shapes to be seen along the shore of tlie Xonh .\tlantic ocean both 
on the American and European sides. 

These towers and pillars referred to are strikingly siir.ihir to 
some structures referred to in a recent valuable paper by Btirrell,-' 
in which the origin of certain plains along the eastern Atlantic coast 
is connected with former marine erosion. The discussion of this 
paper brings out the question of marine origin fur those up-tand- 
ing land masses commonly known as " monadnocks." 

Those interested in the arguments for the ftict of marine plana- 
tion along the Atlantic coast of North America should consult 
Barren’s paper. 

It has long been a thought of mine that it might be possible to 
have established some time the demonstration of " monadnocks ” 
being residues left from a jointing structure in wdiich mechanical 
disintegration had played a predominant part. As may be seen in 
the discussion of the paper referred to this idea is inherent in the 
conception of marine plains as developed by Barrell. 

In the largest view of the matter Bear Island, Spitzbergen and 
other like land remnants are “monadnocks," if bv this term is 
meant any residue of a former land surface wdiich stands as a seg- 
ment not now reduced to a general level. This sort of residual 

X'orske X'ordhavs Exped., Bd. 5: also Pctcrm. M'iftcil.. .S 249 ft 

Other references and a German translation will be found in " Unser W issen 
von der Erde." von A. Kirchoff, Vol. 3, pt. 2. pp. 394 ff. 

" Unser M'issen,” etc . as cited pp 395 ff. 

Bull Gcol. Soc. Ayncr.. Vol. XXIV., 1913, pp 6d8 ft. 
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land .'iirfacc 'A lai: Ik.wcvlt tu he exhlaincJ iiy orilinary laml ero- 
hjjr iliif' marine erusiun explain it anv more ea'ily unless 
there i'e enienaine'! at the .'ante time the cemeepiicin of 'onie struc- 
ture -uch a- il'.e joint seyiranm here ih.-cU'-e'!. Stcej) elnfX and 
deep fjei'd- liu rot ]ier force n'e.ai a -U'.then ena-t lin.e primarily, 
thev n’.a\’ la I co'ice’.ve land or roch -I'.a.pe- due e.'_'e'.itia’d\ to ureat 
joint line.--. 

1 I'.at th.ere exi-t;- oh-erxed ex nlence tor heliex my in tlte tdhilitv 
of a jointe-'l -irueture to imiuce a hre.ikiny d;,-i\vn tui.l die-truction 
(if plateaux i- -Itown hy the inve^tiyaiion- of la. I'.riiniann and 
Xailior'i.-' 1 In -e inve-tiyation.- xxere carried out in tlte struc- 
tures of Aia.’in'a, an old jirovince in -outhern Sctiiid.inax'ia a.nd in the 
opiniciu of so tiMe a critic as Sue-s jimtify the (ipir.ion th.at 

" Xcii'a'a i< termed of f r.-tymciits .'.f a .ere-.at platc-rui hroke-r. hy yenif ... As 
E Erd.niar.il lias jlieOMi the wb.ele re.einii :> traxersed hy yreat ’.eaieltudinal 
fractures xxincli run from ^.ort'r.\\e^t to .south-east: ah.um' hae-se tiie- xvhole 
country has been let denvii irregularly witli th.e fe'rniation eif trtuuhs and 
horsts.” 

The investigations of Xathorst have sh.own further tliat this sub- 
sidence has taken place at different times. 

“ and that it is possible to cla-ssify tlie fractures according to their age. . . . 
In this country winch has not been subjected to any folding since the Cam- 
brian period we h.ave a new and instructive example of the breaking doxvn 
of a tableland accomplished piece by piece.” (Suess, op. at.. \'ol. 2. p. 48.) 

Some of the fractures present have been determined hy Xathorst 
as older than the Trias. 

There exists then more than sinipily hypothetical ground for 
considering jointing as one of the great fundamental shaping factors 
of the earth. The essential unity of the great mass of the upper 
portion of the northern hemisiihere will probably he shoxvn more 
and more as stratigrajihic investigation on both the continents of 
Europe and America proceeds, d'his unity is already sh.own how- 
ever in the similarity of structures now to he oliscrved over xvidelv 
separated areas, in the analogies if not actual parallelisms along 
the northern coa-ts and arctic lands where marine denudation is 

= - See cit.atiun.s given earlier in tlii.s paper. Their .studies are reviewed by 
Suess in Vul. 2 of tlie Eii.glish edition of " Tlic Face of tl'.c Earth,” 1906, 
pp. 46 ff. 
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prticccjlin^ b\' a iiiclhoj which can raliicia’ly he l x; 'L.'a'.t, Si uiily 
upon the ha^is of Moine litcncrtilly ilcieriu'-t'.niy c.iU'C '".eh. .i' 'he 
jointiny wltich shown w'ith pnicticall'. ’Liiiiver-a! ih.-i ci 

'I'hat ^llch liluck nr fnicture (ie'triici:nn is lwu onw pi'MCi. l Suny 
over portions of the lanJ nwsscs lielieoeh i'l i'c tna. ; CLftai'i 
structures in the liritish 1,'les i univer'.illy reearS;e.l a- rera; iins 
of the former wide extension of Ifurope i iitore e''iec'.i!!\ ::i Scot- 
land point to a decideel indication of .-ucli iilock d.--: iiteer.itrci or 
fracturiny. I'he approximate partdleh'in of :h.e llthre'e-. the 
Faroe, the (drkney tmd the Shetkmd i'land.- : ilte oime p,a'-,illel 
identations of the coast lines, the reinarkalile 'crte' oi winch 

hnd their yreaicst and most ,'trikiny expre'-'.on m th.e t-a-t y.i'ii 
which tdmost cuts Scotland into tt'.o ptirt.- ;is th.e hrih of .Motwy 
passes into Loch Sess tnul this on into I.och Lm.tilie .nni etd- at 
length in the tirth of Lome, all these tire sO .'irikiiiy in their ixlti- 
tions and occurrence that the conclusicin is tdiito^: forced on us 
that here also is to be secu the illustrtition of a ItiU'i nia" ptt-'iny 
into block disintegration by a series of fractures which exi-t inde- 
pendently of surface agents of weathering or of erosion. 

.-\.s the whole mass of the noriliern liemisphcre is contemplated 
in its upper parts, with its widespread likenesses, its aiitdoyies of 
structure and its broken remnants of former continuities to be ob- 
served in the sediments of the arctic islands and in America and in 
Europe, the reason for this unity of structure ami unity of disin- 
tegration must be sought not in the atmospheric elements which 
have plat’ed upon it Imt initst be sought for In the essential nature 
of the lithosphere itself. 

As we journey round from lower Europe about the Canarv and 
IMadeira islands up through the British islands to .'Scandinavia, on 
through the arctic seas and islands and so on down the American 
coast there is everywhere shown the same disinteyratiun of the land 
mas- b\' a factor which controls all the atmospheric tmd ero-ion 
agents : there is seen a mechanism which whatever aeeiu pkivs 
upon it, whether glacier, frost, expan.sion and coiitiaiction from 
change of temperature, or from the ceaseless pounding of the sea, 
,-till run- always far in advance of them all and reaching even below 
the level of the sea and the atmosphere determines in advance the 
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ik'-iruoiii ii; Ilf iliL- laiiil ina-'. ’Ib.i' lacuir i' ilic ja'c^L-ncc ni jciinli. 

1. niiiKoicii with the jiriihk'no of the lieLtrtiihiiion of the hihu- 
>jil!ere 1' t’u iKOe"'il\ of inietiii'^ the iirohleiU' oi the reiluclion of 
foro'er eoiitiiK-nttil ii:;i'"e-^ le:i\ iiie; ;io\\ otilv re'nhie' of them to 
i'hi'iii' or iar.it wl eoiiimeiital u’lit' .'uch ti' -\frica. .XU'iralia 
tiiai otlier ma"!.' heheve.l to ht-.ve heeii utiite'i fornieiiv intri the 
I io'i.h.i, .ai.i l,.i!!'l of tititlioia'.- ' 

1 A re .il-o > to he iiichi'kil Lr.a. th.e lo-nier ofetit contmeiitiil 
m.." exti-'.i'htie ticro"- the northern htiif of llie ;e;!ohe. 

Xoii'e moloLti'i' wonhl meet th’' jirohlem hy (li-jiutinL; in the 
lir't Jiiace t!te ex-'telice of -Ue'h CoUlhlettlal latlil mtla^CS. a.' t'jond- 
wtma, a.n.l holii nrntlx to i!ie tlieor) of iiernianeui ocetin basins. 
'I'ha.t th.i' ''h.i of ]iernt;ini.m ocean hti'in' i' ;i wiik'pread and dec-plv 
rooti.i! ne well enough known to need m.i '•pccltd jiroof. 

W e mat note, howe\er. one re feretie'e to it from on.e of the older 
teXlhook' — tint' tleikiet ' 

Fro:;t earX eeok'enxil :.:’av<, iVe j^re-e: t ereat area? of lar.el and sea 
1-ave ronairo! on 'kie v.pt.’e wite-re tiwy are, and t'nui ti’.e* land consists mainly 
of strata loinK'i of terrestrial d.ei'ns lai'l d.''i\\n at succeS'ive epochs in tiie 
surrotin-l're c .in; aratively .shallow sea" 

'■ W'.t'-.nut this C'-intiner.t. [F>ia] mi th.e oth.er h.and, paleontologists can- 
not cxiilain th.e known distriiiiifmi of rerinian land, life, and., funther. its 
piresc-rce is C4iialiy necessary ior the interiiretatiein eif th.e peculiar distribu- 
tion of Tuaru'e faunas luyinnine certainly with Devonian and end.ng in the 
Cretace us" - 

t ontte-cteil with this. j.. the related idea oi a former worldwiele 
Xdediterrtinettn. the 1 elite s of SuesS which exieneled anDund the 
yflol-ie ti' ;i great eiicirclin" Oe'ean of which the pre.sent Xlediierranean 
i; a retnnant. - 

Tlie jifeihloni tltcn is not one which can he disniis.-ed hy dis- 
puting the matter in the nrsi case hecause the weight of evidence 
i' a.gainst swch a I'O'ition. and the 'tahditv of the sea floor is an 
hypothesis winch re-sts more on .'Up’po'itiitn than proven ftict, while 

- ' Cone i.r.ii.!it relerer.ce- may he- niadic to Pirss.m and Scliucliert. "Te.xt 
Pook of (Tooloce. \ ol. a. ^iisstin: alsi.i Fuess, '* Le'lliea GeL'iene'stica " of 
Fre’ch, PaU’ozmcum, contains maps of Ijoiidiwana 

" '(leikie. ” Tc.xtbue'k e>f Gooiogy." 3d td . rev., p. (>50, Lond'Hi. 1803. 
s' Pirss.en and Se'iuchert. " Te.xtbook," Vol e. p yoi. 
rirssnii and Schuchert. o/' cit , p 761 
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the belief is mure timl more ttruwin-^'^ •urcvs^’- m,- -t- -Jic 

lithosphere is p;o\'erneil hv [iruce"e- mrl i:i\\ > '.'.-'.le!'. :.e: es'ii. r.i'iy 
to its tottd mass anil not lucally or in liimteil i"r;;is!'. I ’.a’.' E’l, 
idea that the laws whicli ttuverti tlte eeiwral ';n-h.,;\ a s' -i' '.'.e •>- 

sphere cetise to act or ehanye tlieir er.ara.eter :n t'l.it j.i'rtaa’. u: d’e 
earth under the hydirosphere 'eenm to me iintenaij’.e ;n tl’e a-'t 
place ;md impiroven in the next. 

The "repeating jititterns " ot vtiriom autlinr' i; m.i.m 

anything tit all nni.'t involve aoire general iini'bamem .1 citiracter 
of the structure of the lith.u^phere. a charticter h.ich. irn'.er 'trL'-es 
in the mass of the lithosphere would lie as likely to occur inn hr th.e 
oceans as under the atmosphere contact. It !■> liainily re.i'o-ia'iile 
to attempt to dismiss these repeating patterns as due to ” clt.in.ce." ‘ 
they are too widespread and have been too often de'C’-n'ed .md 
identified with fundamental structures in the litltosplwri. ."^u thi.it 
the principle involved in repeating patterns indictamg .a dict'-iite 
characteristic of the lithosphere may be accejitcd ce-rttiinly t.s a con- 
structive working basis if not yet generally accepted, as one of th.e 
proven facts of geophysics. 

Applying then this principle to the mass of the lithosphere under 
the hydrosphere it should be possible to determine from the distri- 
bution of islands, volcanoes, coral reefs and other features, sys- 
tems of joint control beneath the hydrosphere analogous to the 
systems of joint control of continental surface features beneath the 
atmosphere. In short the control of the lithosphere surface be- 
neath the oceans by joints I regard as being of equal value and 
importance as the control exercised by jointing in the lithosphere 
beneath the atmosphere. 

Owing to the comparative ease with which islands on the conti- 
nental shelves may he shown to be parts of the masses of the con- 
tinents, and, as in the very remarkable and beautiful example 
shown in the islands of Casco Bay in the Gulf of IMaine, rlemon- 
strated to be distributed along lines governed by jointing the prob- 
lem becomes really complex and more difficult of proof w hen con- 

33 See especially Hobbs, “Repeating Pattern.^ in tlie Rchef and in the 
Structure of the Land,” Bull. Gcol. Soc. .Imcr., \'oI. 22. pp. 123-170, lyii 
Bull. Geol. Soc. .liner., \’ol. 22. p. 717 (discu.ssion). 
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and \v:tb. the ruck r.’.a"C' <if llic main Li'.id.. ;>.nii aj cun- 

ncct thi' 'truciurc with |ir"Cc"C' of ilcuTadatiun tthciw- anal hedow 
.'ca level. If ihi' can '‘c d.une ;ind ceruiin line.- ui unif'Citi cu'.urul 
'hnw n lij he ]ire'e!n ii then j'laipu.'ed to ajipl}’ the ^a!r.e litie of 
reti'i inincr lit - 'Cetmic i'l;lnd^ which arc tiow not -o cii’in.ecicd with 
ttdjacent Land ni;i"e? ;is ihri'C i'hindi^ in the Llnlf of .Maine are. 
and try to show ihtit line' of jointin.i; htive been in control ijf the 
distriljution of lhe^e i'hind.' ; ;ind hi'tly that lines of joint control 
being a factor in the behavior of the lithosiihere we htive h.cre a 
general agent controlling the degrtidaiion, that is the lowering, of 
the lithosphere surface irresjicctive of whether the other agents 
present are variations of atmospheric or of hydro^phere contact. 

Part of the demonstration of marine planation in connection 
with the Xew England coast h;i' been rendered unnecessary by 
the publication of Barrell's paper just referred to; thi^ being pub- 
lished after I had begun my own investigation. However, this 
paper establishes the point which may be regarded as of very great 
importance, and that is the demonstration of former widespread 
plains of marine origin rather than ?imply phiins ilue to atmos- 
pheric means of etassinn tind degrtiiiaiion. In connection with th.ese 
Xew England jdains intiv he mentioned al.-o the terraces of the 
iMarvland Geological Survey"' suclt as the Wicomico. Sunderhntd. 
Talbot, etc . terraces wdiich are unilouhtedly of marine origin, 
though not necessarily of joint control in any mtinner. but built on 
older marine plain development. It is desirable, hotvever. for the 
sake of the argument to show some cif the character of marine 

Maryland Ciealogical Survey. Pliocene and Pleisti'Cr ne. Baltimore, 1906 
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planriP.on at prC'Cnt in action alunu the Xtw 1 niil i lie 

(lata mcntinneil are taken fruni per'nnal (ili'er\.:t;.in in r.ie uwn 
anil pan front the jailili'hccl literattire lei ;lte 'iiopet. I’antenl.n 
reference niav he niaile to the follow tne 'lieet' of Fne I c-. 1 opi i- 
graphic Folio, nanielv, htneo Bas , 1 ’or;l,;:iil. IfhC.h 11.!}. Hath. 
Penobscot and the following hydroeraph.ic c!!.in'. Xn- loo. top, 
315. of the U. S. X'tivigaiioii Buretiu. and .iFo tite L .k. L'o.i~i 
Pilot."’" for detaiP as to sounding', 'itu.ation of rLcf'. h.ir'. i'l.-nd' 
tnid ha.rhor' It i' not neceS'ary to yive th.e d.ctaii' of ;!ti' 

The ^hi.ire oi th.e coti.'t of Mtiine i' a.hn.o-t a Conten’.iiU' 'ira-c'- 
>ion of rocky points, eninint hay.'. ?tee;> el'.li'. o- ouilNine -.'Lniii' 
ttnd reef', till connected more or k" h} '.c.id ii..!-'. '..nil linnc'. 
neck', tidal flat' or hy httek l}'ing tnar'lic' ' Hit iietonii tin ..ciua! 
>horc or strand line he in adilition 'Ucee''!on' lai i-Lmd'. reef' ;ind 
rocky jioints. these all jirticiictUly being eoinpo'cd. of the '.I'ne 'ort 
of rock tis tliat e.xposed along the 'hore .and with 'om.e r.tre excep- 
tions are not to be di^tingui^hed front the rock in con.nec- 

tion with the itiainkiitd or ^Itore line e.xcep: by tlte fact that these 
outlying nia'ses are surround.ed entirely and cuniinuoU'le h\- .'ca 
water. The topographic features about I'ortliuid llarlior and y'tisco 
Bay will illustrate sufficiently tlte'C variou' fe.ature'. The niost 
marked fctiture of Casco Btiy i.' the c.xtraordnttiry iiutttijer of 
islands, rocky points and reefs which, a- itiay be seen in the various 
publicatKins referred to. are arranged in a genertil ptirallelisttt and 
in a northetist-southwcst directi'tn. Thi; direction is practically 
the sante as shown by the prevailing dip and strike or the rock 
masses about this piortion of the Xhiine cotist. Thc^e iT'cn B:iy 
islands are so eminently arranged in repeating pattern' as to sug- 
gest. even wdthout the necessity of any actual plotting being done, 
definite lines of joint control, the submerged reefs as may be seen 
in the navigation charts are frequently continuations of the same 
jointing 'tructures. If the general lines of jointing and the pre- 
vailing lines of strike be coiujiared with some of the 'inall islands 
and necks near Portland Harbor, the general connected structure 
of all is apparent. Thus, for example, at Prouts X'eck, near Port- 

U. S Coast Pilot, -Atlantic Coast. Parts I.. IF, St Cri.I.x Riwr to Cape 
•Ann. Washington, 1911. 
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l.iii'i llarlmr, '.lie prc'ciu (li>iriliuiiun of i>lani.l' aiii! i'ccf> ^ho\v^ 
ihc -.•‘.ir.c general line- nf ilircciion ami the .-anic oon-iriiction as 
ihe li'K- Ilf il'~;nl)nti(,n in I'a-eo Eiay Imieeil are all parts 

Ilf ;1 k- '.,:r.c general 'triK’tnrc. rrnut- Xeck it-cli 1 have deier- 
iniiK'il In lie a >;ruciiire coinpu-cil (if a -vrie- (if para.llcl reefs cov- 
ered in part hv epiciti! peljiile llals. ^and dune-, petit hoes, cedar 
'■\\aInp^ ii'.id cun;enip(jrarv jiiiie wood: the pine woods are now 
yriiw intt niii'th' over stind diine- which lie acro-s the old lines of 
jitirallel reef-. ’Ih.e-e line- fii reefs are -hown at certain intervals 
a'liintt the d-'rect’.o:! of the Xeck and t;re parallel w'ith similar lines 
of i-’t.niis an. 1 reef.- which lie out to -eaward from Scarhoro Beach, 
ofte'.i appearnio ti- i.-o!ated !na'^e^ of rock, in numy cases now sur- 
r^lu:’.d.^,d iiy iloc^ or sand dunes. Th.e Xeck ends in a mass of rock 
proli.ihl) formerly an i.-laml iti which the same treneral direction 
of dip and. jiiin.t distrihution may he seen. The -eti encroachment 
on rrout- Xeck ii-elf display> the ^anle joint control of steep cliffs, 
lingular h'.uck fragments and contemjiorary pehble and shingle 
heache-. -itch tis tire common on both sides of the north Atlantic 
coti't. Wdieii the-e lines of Fronts Xeck are plotted as to general 
po>itiuit tind directioit they ftdl into the .-tune scheme as shown in 
the other jtruciures in Ctisco Bay. This cannot be regarded in anv 
manner a.- ticcideiiial. but part of the same structure common to this 
[lortion of the lithosphere. 

The structures around Bath. Booth Bay Harbor and similar 
places along the coast of Maine, are usually referred to as indicat- 
ing proces-es due to glacitition ■ or are regarded as evidence in 
regard to a displaced coast line, all of which may be perfectly true, 
but it doe- not di-guise the fact that these structures again mav 
be plotted along a system of lines of jointing. In fact. I regard 
the entire distribution of i-laiuB. reefs, flats, etc., within the Gulf 
of iMaine. not as remntims of the former surface of peneplanation, 
due to atmi.i-pheric cro-ive agent-, but as structures due to the 
eoml lined tiction of marine planatioii and es-ential lines of weak- 
ness due to joiiuing in this portion of the lithosphere, so that the 

'■ See Sl’.aler, " ( Ico, Hist of Harbor-.’’ 13th Ann. Rep , Pt. a, U. S. G. S., 
pp 114-118. 1803 
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repeating; pattern^ iiuiv i'c ca.rrit'l uir. rn_rc 'stji :.'.i . ‘i: a ,:r:c 
planatio:) to rcEuCL tlic Loal -urf.AX lia- ’'‘.'c 'a'.lI. 

Thi?, I take it. i> tittotlicr v...y of -t.Lti'.ia '"a o: : ai;;> ,,i 

Barreir.-: ptijicr, rLfcrrc! to ..kovo, tb.at '.n ti’.i. pl.ai- ' :o 

tb.e Xetv co'a.'t tip-tan lin” -tructurc- -nah t’.i. " 

nock> " 01 authori, ina.v he rcL;ar'lci!. a- t'lc lov, .aai • aina- ra- 
ferreil to olf the coa-t ot .''';>;t.a 'arAf:!, .i-; r’lia'a; rp ,o 

marine planalion. 

I hope to discu>.s in a later ptiper .-oina fnrihar d.a;.-.:!- o; lir- 
regard to .-onte -tructtire.- aiH.iin Pi.irt-inoiitli irar:'or. 

dlte relation.'hip of marine phinatiitn to uha.t li..- I'een. dir.\a;i,!'ed 
as the theory of peneplain- i-; tliii- a very far laaeh.h'e prohlcrii. 
That the known aetion of th.e -ea to wear awav tile !;md m.a-- lia- 
been underestimated and neglected i- pcrhap> due to tlie fa.c; tliat 
no constant or ncarlv constant ftictor t(j lui^tcn niarnie degrtida- 
tion has been taken into eotmii'ertuion. The rca.-onmg of sonie of 
the older authors would .-eeni to htive been bti.-ed upon ilie things 
which are to be observed only as results of local strirni- and til-o 
fails to consider the po<-ibIe factor of the nature of the litho- 
sphere itself as an active contributing cause in hastening the reduc- 
tion of the land mass. 

Some very interesting discussion of the argument- pro and 
con of marine denudation or degradation may be found in the 
various editions of A. Geikie’s well-known "Te-xtbook of Geology." 
Thus ( 3d erh, rev., p. 448) Geikie says: 

" But were it not for the potent influence of subaerial decay, tiie progress 
of the sea would be comparatively feeble. The very blocks of stone which 
give the waves so much of their efficacy as abrading agents, are in great 
measure furr.isb.ed to them by the action of the meteoric agents." 

Taken in connection with the more recent studies in jointing as 
controlling rock disintegration, and in connection with wlitit niav be 
seen along the continental borders both land and marine the tibove 
statements will be seen to be an incomplete statement of the factors 
in the case. 

That entire continental masses may not be seen to have been 
reduced by this marine planatioii should not prejudice the case, it 
is exceedingly improbable that any one agent alone ha- ever re- 
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■ iiK'iil an_\ n ci iir.iiicrital nla^- : nor ^llou!d the value of 
a faeiur lie iuil^ed >ini|ily inmi ihe lateral extent of it- 'pread. 
1 lie ’.'a> e-dauiunn^ of liarrell alre.aly referred to would ceriainlv 
r.rl'.ea'.e u not prove that marine aL;ure":i in hri' jilaved. a nio^t iin- 
j.iina’-U ; ort in die levelinit of the land 'Urfa.ee. 

It nio_\ he wordl while to note further that joiiuino- ie not simplv 
a wrt'.eal matter, it -leems so under Cerltuu teinn- of atmospheric 
tititick hut itmler the tiaui'iiortnit; power oi a sea at:;,trosS!on clinih- 
inX tile h.ni! 'Urface tlie development tuid tile existence of horizonttd 
joint line- will accelerate the rate of land depmtidation in a manner 
tnialneou- til the acoelertuion of stream erosion due to change of 
level 

It i- interesting that alniO't :dl of the illusirtitions chosen by 
(deikte 'h.iiw the controlling action of joints to sha}ie not alone the 
cl'.fiX liut to accelerate the action of marine erosion yet he gives 
but incidental reference to the presence of joints, and seems to lay 
iiK.i'i emphti'i' upon the aeritd agents though each illu-tration given 
shows in nearly ever_\' instance the eli'cct of the controlling action of 
joints. Again I venture to state that the object of this study in 
most part is not to claim for either land or marine tlegradation the 
superiority as a universal agent of land surface reduction but to 
try to esttiblish the fact of the presence of one factor which may 
be regarded as controlling both and which under conditions, favor- 
able now to lanil erosion, now to sea erosion, enters as the dominant 
medium for shaping the resulting surface of the stonv portion of 
the earth niore technically known as the lithosphere. And that in 
the nature oi the relation of the three elements of the earth, atmos- 
phere. h.ydrcisphere. lithosphere, the attempt to restrict the forces of 
lithospliere degradation to an assumed base level hxed by the sea 
level is an untenalde position. Untenable because of the fractured 
nature ot tlte rock mass itself and also because of the fact that the 
sea level is not constant, so that whether the sea level move up or 
down either from the shifting of the land nias> or from the sea 
it>elf there will still be presented below sea level the constant factor 
of joint weakness in the mass of the earth itself to induce disin- 
tegration and further leveling; connecting in this manner land or 
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aLmos[ihL'nc crij'ioii and marine eni'inii .i-. iwn 
>eciiuve j)rrice'~. 
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the ri'C of blocked ma^^e^ of llie litho'i'here. 

It wa> projio-ed etirlie-r in tin? ptiper to app!} th.e n’edai'l uf 
"repeating pattern.'" to fonie i.'land grouji' nut cijnnecte! clo'clv 
to continental .'helf land in order to dra.w a coinpari,'' ci if pi)"'.blc 
of siinikir jointing control in their di.'tribution. 

For the purpose of such comparison the following grraip' have 
been chosen though it is not b_\' any mc;ui,' helieve'd tltat thO'C ,are 
the only ones which would yield concor<lant re'ult' : ihc'e tire lirst 
the group of the Isles of The Shoals in the Gulf of klaine. seconillv 
the Canary ami iMadeira group. \\'ith these for the >ake of further 
development of the argument will be compared the i^l;lnfl' of 
Oceania of the Pacific. It is not my intention to di'CU'' in anv 
detail the general geology of any of these group', what it is ile- 
sired to bring forth is their group morphology or more particularly 
the relations of their positions to each other. To consider the 
Shoal' gronj) first, this is a group of about seven actual islands 
with however a number of rock ledges which though submerged 
beneath the tide are an essential part of the construction of the 
whole group as may be seen from the navigation charts.”' The 
figures or plotting of piosition are taken from chtiri loS. 

The nearness to the present shore line of these i'land' with 
their rather evident similarity of piO'ition to other groups of i'hinds 
in the same general vicinity make' no argument a^s to their e='cn- 
tial connection with the mainland necessary. This is e'jiccitdlv 

See Chart Xo, io8. Well.' to Cape Ann. U. S. Cna't and GcDtletic Sur- 
vey .\Iso U. S Coast Pilot, -\tlantic Coa-t, Pts. I. and 11 , np. 142-143 
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eviik-ni afu-r an in^|n.•cUlln ut that jiortinn (if ihc waicr' and land 
nia-i'-La; alnULC tin.- Hull I'tf IM.iinc ’J'he jKi.^itiiiii' ni ihi' Lrroup have 
heen jiliitud liy drawing line-' eiinn.ecliniy llie eveate-: nuinher' of 
the i-landi- indudiiiL; reef> which are reLjarded a' I'laink. While 
the di'trihuiiun nf ihe.'e ialand' nut 'n -trikiny :i~ the i'la.nd~ of 
Idi'Ci.i May i(.i the iturih a.nil ea'i \ ei it apiiareni that tlte appli- 
cati'iii (.)! the rei'eatnitt ji.atli-rn e''l;ihli'lte'i here the exi^te'tce iit a 
fairlv regular ~V'ieni of inintiny which, iitay he aiaied to control 
tlte iio-tiiion itf ihi-; erouji tia a 'crie- ui up-tandiny reaiiluc' of 
ero'-.iiii front ;nt oMer Lst’.d .--iirftice. tt 'Utall illu'tration of the more 
w'id.vh knowtt ctoe of th.e Hriti'h l-kin'k ti- renmauta of a former 
--crie' of conr.ected >truciure' till j't.rt of tile r.t:i'< of tile continent 
of ]'.uro;ie. 

With tlii' p'ottina of ilie shotd Hlttud.-; may he ccim|i;ired the 
plotiinj:; of the positioim Cif the I'anary-Mtaleira. itroup. I have 
ti'Cil for thi' the m.aji fritmi C. (dtiyel ' tn liis di^cu^'io^ of the 
i.ihimU of the middle Atkintic. ( The^e were ^how•n hy Lantern 
'lide.' while readiipir pajier. ) The arr.an^oment of prtictically all of 
the?e Atlantic inland? shows lines of a ipartillel grouping so very 
similar to the development of continental volcanic vent' and fis- 
sures along line' of separated segments or joints that it will hardly 
be disputed that the same principle has worked in each case. These 
islands consist in part, according to Gagel. of volcanic cones built 
up from the floor of the sea and in ipart are " broken remnants of 
th.e European--\frican continent."^'*' 

-Vccording to Gagel three of the F'anarv group, namelv La 
ralma, Fuertaventura and Gnmcra "show* the undoubted repiresen- 
tatives of verv old volcanic, archean anil sedinieniary fcirmations. 
which form the true sockets i — Sockcl ' of the islands ami prove 
themselves to he part of an old great continent, whose shattered 
fragments still appear in these islands." The other islamls of this 
group consist of recent volcanic eruptives of Tertiary or Quater- 
nary age carrying in some instances portiotis of marine d'ertiarv 

C. Gatrcl. “Die MittelatlarliscF.en Vulkaninscln," in “ Handhuch der 
Refrional Geolcgic." \'ol. 7, part lo. Heidellierg, iQio. pp l-.te Here will be 
found the literature for this group noted and original references given. 

v Op. fit., p. 31. 
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.'cRiiricnt' .iii.l in uiIut ca-C' a^ mi 'rciKrii, Hicrrn' aiai Aiuan^, 
tile iiiciahcrcii; \iilcanic> carrv ir,-.i;;iR ;;a nf "nlilcr iir at 

lca=t ouar'ch' crv>;alli!io rock^ " wliich < Xlic! cnn-i.kr, naiy have 
cuiiie frmii an vliler clei.;i->eaicil " -oeket " ur uf ;Iie i'laiuls 

There i> pre-Lnie.! here then a cun'inietiiiii i:i which iiia}' he 
>een two phuc'C? of jhaint infuwnce. the Iirokeii airl more or ko" 
svmmetrically arranged ir.aymenis of re'i'hic-; of a contmeniai >truc- 
ture, ami ^econillv the rise of volcanic nia'-'C' to tlie surf.ice tlirouc:h 
the ojien Insures which lie hetween the aforementioned seonKot-. 

The A/ures show likewise recent eruptive product^ with ap~ 
pjarentl}' no sediments earlier than middle Miocene : tliere i' the 
further fact of deep sinking of the sea floor hetween ?on;c of thc'c 
islaii'is. as over 6,000 feet between Gracio.-a and Corvod- 

The general position of all these islaml groups of the Atlantic, 
their relations to the surrounding lithosphere shapes are all of im- 
portance; the positions of the Ca.nary-iMadeira group near the 
great adju^tInent5 incident to Mediterranean conditions, and the 
position of the Azores on the great Atlantic plateau are part of the 
general idea that these are all structures which are to be regarded 
as behaving in the same way as similar structures do on those por- 
tions of the lithosphere which are now continental. There are 
here evidence^ of the controlling action of a system of joints which 
are believed to have played their part not in surface degradation in 
the urtial irense, hut have been active in a system of movable seg- 
ments which tvhen under stress have resulted most probably in an 
essential up and down movement. 

I have attempted to demonstrate block or joint development in 
the first place as an integral part of the lithosphere itself in a man- 
ner analogous to its presence shown in the larger land mri'Ses. 
That it has been the controlling factor in the disintegration of a 
former land mass represented by the islands now under di.-cim^ion 
is too much to take as anything which can so easily he demonstrated. 
That it has been an active factor in marine denudation at this locus 
seems to me rather more than a supposition and appears as prob- 
able from the action of joint planes to produce an acceleration of 
marine degradation elsewhere. If these ideas he carried to the i-land 
‘‘1 Gayel. op. cit.. p, 9. 
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^roup' of the I’acilic ^u^:h the Solomon. Xew Laleilor.ai, Kernia- 
(lec, Xew Zealanil <troup^ there will he found an arrangement of 
i'land nia^'C' whioh liave for many \ear' 'Ui;TW''te(i to yeoloai'ts 
ileiinite pla.i!' of yroup arrantfement. It no: needuil to detail 
thc'C here a-^ the\ are too well known to need review, having been 
e'OU'idered ^o often in e'onneetion with the origin of eeirtd reef': a 
recent bililioyrttphx h;t> been ])ubli'hed iiy lb i\^:lr^h:lll.^- 

W'hat 'eeiii' to llte pre'etit writer otie of ilte niO': 'Uttue.'tive of 
recent thcorie' in reynird to the'O i'l.and ^tructure^ in general w;L' 
pin forth b\- ,\!e.\,aniier Ay;;i''iz m various 'tudie< publi'l'.ed in the 
Memoir' of the Mu'eum of L'omp;ir;itive Zoctloiry.’ ■ 

i' of cou!>e well known the m.ain idea> concertiino coral 
i>land.' in the rticihc htive cenieretl tdiout the ideas of subsidence 
and iiumeriius suy'restioti' have been (dYereii tci sati'fy this re- 
(juirement, Ajjgasiz in iSpS'’' in discussing the reefs abriut Aus- 
tralia expressed the idea that too much cnijihasis hadi lieen laid 
upon subsidence aiifl wished, to brin" in the ftictor of marine planti- 
tion with "terraces of erosion" upon which cortd mttsses would by 
natural extension grow together and form the (freat Barrier Reef. 

In later writings (Memoirs. \'ol. XX\'III.’) .\gassiz has again 
cited marine erosion as developing the platforms upon which the 
reefs of various sorts would develo]>. 

(liven a water condition favorable to coral life there is no doubt 
that coral life would start along the rocky structures of the north 
Atlantic just as is now to be seen in the warmer seas. Tlte prob- 
lem here is not the coral life but rather the devcloimieiu of a pdat- 
form upon which the coral organisms may persist. There can be 
little doubt that coral reef developments of various s(')rts woiikl 
be found iodm.' along iMadeira- Azores group.' if the water condi- 
tions were f;ivor;il)le. 

I would wish to suggest then that a jirotitable field for further 
study of coral life in the field in the Pacific islands mav be found 

P Marshall. " Oceania." " Handhuch dcr Resjional Geolo.aie," \'ol. 7. pt. 
2. Heidelberg, 1911. Reference may also be made to Suess, Dana. .Tgassiit, 
Murray and many others. 

See particularly Mem Mtis. Cemf'. ZooL. volumes from 1898 to loo.t 

Full. Mus. CuDij'. Ziiol., XX\'II 1 . i8y8; sec also .Xgas-iz, Mem Mus. 
Cojiip. ZooL. XX\TII., 1903. 
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in tht' more careful study of the-'C mlauid' de\ eli lyiucni-- from 
juintiny or segmented .-tructurc'. 

The niarkcLl character of \olcanic ;iroduci' from the i-iand \ol- 
canoe>, ^uch a' the >ucce>.''ion> of a.ndic'Uic l.i\a' 'U; ipo-cd to he 
chtirticreri'tic of the rticiltc type cotnpare.l tor ex.impk- with iho-e 
from the I'hthppine' wh.ich a.re much more varied ihout;h. iiapueiuly 
tinde^ilic, anil with thu>e from the Sandw ich itroup which are e"en- 
tiallv hti-ic. m;i\' perhaps >how' 'e>me 'olutioii to the ph_\ 'H .yraphic 
developnietu of the reyion iiulicated 

That thic lyneous historv of eome of tltC'C ep'ouji- It.;' heeii a 
verv loni; one m indictited hy the 'unie ^urt of rea-onine a' applied 
to rock ma'.'cs elsewhere. This mtiy he taken to mean a Imm period 
of time in wdiieh the seynie-ntcd condition or open ii"Ure condition 
has prevailed. 

it i' not accidental nor casual hut front the e\ idence .at h.md we 
niav with reason conclutle that the surftice of the htho'pliere iie- 
neath the hydriaspherc in this Pticitic di'tnct of ( )ceam'a h.i' heeii 
subject to tectonic moveniems. h'Suring extru'ioit of itrneoU' nitisses 
in a manner analogous to other parts of the lithosphere such ti' 
continental masses in which a jointing or block structure may be 
shown to he present. 

Connected with this discussion is the genertd structure of the 
solid portion of the earth, now commonly referred to as the zones 
of fracture and flowage. These, as is known, are divided into 
more or less definite lines so that under certain supposed pressures 
rock masses will move in flow lines rather than in fracture lines, 
such as is indicated in many diagrams of mountain making. This 
mav be regarded by some authors as a factor against the projiosi- 
tion of joint control which I have proposed. Further reflection, 
however, will suggest the thought that while the zones of fracture 
ami flowage do represent definite differences in the behavior of the 
rock luas.'Cs of the earth, that these lines of zone are not. however, 
fixed in their actual distance below tbe surface of the lithosphere. 
In other words, it is not only possible to conceive hut I think the 
circumstances compel us to conceive of a certain ruck mass passing 
from the flrjwage zone to the fracture zone by release of pressure. 
That is. if we take certain types of mounttiin structure represented 
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by the Cl lilt ciiiiiiiial l!nc> i)f anticline ami >_\nclinc >iriiciurc!-,’' a 
yei )'\ nclnic, tnr extimjilc, or anticline wuuld ilevelop intu a ?erie> 
(If iractnrc' in the outer portion of the htho'phere if the pre^-ure 
which m^iile tile orieintil lohl were to continue or were to lie fipplied 
witlfout ;i lieav_\ 'erie> oi uverl_\ in^ hed-. The zone of flow tiyc 
wouhi heconie ;i zone of frtictitre hy relea>e of preC'-nre front aho\e 
withoin iiece."-;irily there heinj,^ ;i relea-e of other ■'train' in tile 
ina'-' of the rock. lo nudve :i practical ;i[)phcation. the Appakichian 
fold' trid tile fan-^ha])ed fold' of 1 leiin. in the Alp', tire often 
repre-'cnted in diattrani' a> hating' developed a< surface folds of 
the lilho'phere. thtu i>. it i.' jiractically .'tated that we might con- 
ceive ti ])ortion of the outer litho.-^phere structure to be practicallv 
de>tuuie of ftiults from the ftict that the rock structures under 
pre^jiire a>>ume a fold-fiowtige structure. Thus, in Fig. 2S5. in 
Pirs^on & Schuchert. p. 362. the evolution of the Ajipalachian moun- 
tains is rejiresented as having occurred ti' ti series of zones of 
surface folding followed by erosion of the folded zone jtroducing 
the usual peneplane. This I conceive to be at least an unlikely 
series of developments in spite of the weight of the authority back 
of the theory. 

If the pressures which developed the .Appalachians took place 
in a mass so that folding and fiowage took place, we would almost 
of necessity have to suppose a heavy super-incumbent mass of rock, 
so that instead of fracturing taking place the rocks under the intense 
jiressure would move by lines of flow : on the other hand if the 
above pres.'ure were applied to a mass of rock without this heavv 
overlying weight, then fracturing would almost certainly have to 
follow. .So. if in such a mass as the Appalachians where the force 
of the uplift continued through a long period of geologic time, with 
processes of surface erosion proceeding, it is an allowable supposi- 
tion to believe that the zone of flow would pass upward into a zone 
of fracture and exp.ose the outer portiian of the lithosphere to a 
much more rapid means of degradation than wouhi follow from the 
U'Ual processes of erosion and degradation on an unfractured mass. 
So tb.at tlie zone of flowage in this ca.'C. and it would applv to other 

>cc. tnr oxatTiple. JS5-J01. and Schuchert. “ Tcxtliook of 

( -VFo Dana and others. 
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uplifted or fuMed tireti'. in;i\ l)c iuKipiiud lu p;i" intu :i /.one nf 
frticture l)y ;i le-^>e!iin;;“ ni the di'ttuice iictuee-i the I'Uler .itnin-- 
phene entutict :uid the iu:i» of rock ;n ■jite'tinM. 1 ilo -to: w'.-h to 
coiiiplic.ite the d.i-.cir'"iun by ciutiy h._\ poth.ef.ctil c-i~e'. '>ttt we 
perliw'os lepitiiiKilelv ini;L”iiie thtil folded tire,.' >uch a- ’Iti .Xj'Oc- 
hichitin-. ;ind the Alj'^ would eominne to he 'uhject to earli' -tr,'.']!' 
tifrer ero-ioii h:ul reiitoved :i co'i'd'eiMhle p trt of t!\e o\ erh. 
w'eiyht of rock 1 hi' wouk! then tdlow ih.e'c tolda'i ee,"!.- to 

pas? into frtictured nl;l^^e^ of variou> dettrec' of i-fe"';t. I !te 
hetirinet ot th'' ou joint control of ilep^rtuhition i'. I th::'’,, oh\ d u.' 
enough. 

In connection with other cour'cs of the rock niti" of tlie eartli 
which are not subject ajtparently to these intense pre"Ure'. 'Uch 
as the Canadian Shield. I have alretnly sttiteil thtit 1 believe the 
source of fracture there to be the 'Ucce'sif'iis of overlrcidinu h\ -eili- 
mentation, ice accumulation, marine imnidatitju. with the con'Ciiue-u 
wearing out of the elasticity of the origintd ruck nias' d'hc rock 
mass under these circumstances would then simply proceed to fall 
apart, depending upon the presence of some agent such ti' marine 
erosion capable of removing the blocks due to jointing. The illus- 
trations given of the disintegration of the mtiss of the coa-ttil phiin 
near Ogunquit. iMe. ( Figs. 5-6. PUite IX ) will show practically how 
a mass of folded rocks will wdien exposed to release of pre-sure break- 
down into segments which can easily be seen to be the result of 
wide reaching joints. Almost the whole coast of IMaine is an illus- 
tration of this. 

As for these rocks near OguiU[uit, they show all the marks of 
what is usually referred to as rock bending under pressure. S-folds 
are not uncommon, isoclinal folds are evidently (|uite frequent and 
it is a very probable supposition that here is a ina?? of rock wh’ch 
has been under such stress that distinct folds developed and that 
now very definite lines of jointing are in control of the lowering 
of the land ma s > . 

It is of course entirely possible or even probable thtit sonic of 
this jointing was siniultaneous with the folding. I hone in a kiter 
paper to discuss the evidences for thi«. 

But the essential fact stands out that here is a portion of the 
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■■tony portion of the earth pas^inu" into complete disintcCTraiion 
under the combined action of a threat system of jointin" which has 
already broken ilown the coherencv of the ma>s. and under marine 
traii'porttition ( erosion ). 

It i' ni}- expectation in a later j^aper to [ire-^ent further results 
of the >iudy of this locality. 

hroin the dijcim>iun }^iven. there niav be ileduced. then, the 
following propositions : 

P)'iT positwii !i !. — 1 hat the hthns])here has cert.ain consttint ph\'s- 
ical ftictor.' which act universally ami indepeiidenth' of local >urface 
condition-: one of ihe>e is. for example, igneous action, tind an- 
otlier is jointing. 

Proposituni il\ — I'htit this jointing develo|‘)s .as an essentitil re- 
-ult frrim the ntuure of the lithosjihere itself which shows in prac- 
ticall_\ all cases from continental masses to loose sands the regu- 
kirit\ of lines of weakness. 

Pi\ipositioji Jit . — That surface features of tlte lithosphere, both 
sub-atmospheric and sub-oceanic, are controlled not by the agents 
of the atmosphere nor hydrosphere, but by the distribution of lines 
of master and minor joints. 

Proposition jb . — That surface drainage, glaciation, variations 
of weathering, may be regarded as accidental : that behind all of 
them, and also running ahead of them as the essential controlling 
factor, is jointing. 

Proposition y. — That joints have been present throughout all 
the geological history of the lith.o^phere, considered as possessed of 
solid fiortions. 

Proposition g. — That in the development of continental outlines, 
including continental .shelves, and also in the development of sur- 
face continental features due to weathering and to atmospheric and 
marine erosion, the controlling factor is not atmospheric nor climatic 
nor marine primarily, but is due to the fundamental nature of the 
litho>|jhere itself as shown in its lines of jointing. 

Proposition p . — That the “repeating patterns" of authors which 
show joint control of the lithosphere on the continental surfaces 
may, with equal truth and value, he apjilied to the interpretation 
of the sub-oceanic lithosphere and that the distribution of oceanic 
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i'Lnul', vnlcaniU'<. reef', at'.il (H!. niav lie cx;iLi”ii.'il i'\ juiiu cnii- 
trol of the '•tructure of the liihi i^jihere. 

Pi’’’ p,<s:t’i>)t o — 'I'litit {(iiiitiiiit heiiiLt ‘I eoii't.iiit f.utnr ri the 
■'tniotitrc of the litlic sphere ainl proilueine; hne- of e.i'H-r .h^iiLiee- 
ntent than fohhn”', i- one of the fiiiidanu-ntal faetor^ ::i ili'- -'nffio 
ot kiiiil ttnil -ea leeel. whether the >hifiint,'' lie laeanaleii a^ h. wn’.o 
Kiheii pla.ee iiniler the h\ilro>phere or in the eontniert.il ie,:-^e'. 

Pr,'fiisit'u)i p. — I'hat joinliny; .'houhl he rettarileh. o\ -tn. Ifi'.!' 
oi tteupliN 'le' a^ an e^^ential ilvnanne tiiiil eon^tani Mc’.oi- t’ne 
l)ehavior of the lithosphere and that it has been -o praetieailv 
throu”’hont all oeolotiic time. 

Prupositioii — lia?e line or ha^e level eif ero>ion is ;i term whieh 
refers to the results of atniO'pherie degradtition and diae' not ex- 
press the hnal results of continental land surface rcaluction Since 
the relative jiO'itions of land :ind ^ea are ktiown to lie -•uhieet to 
change without any essential change in the character of the rock 
masses sea level can not be n^ed as a term to expre-^ the eijiiivalent 
of the lowe>t limit of continenttil land surface reduction or degra- 
dation. . 

From this there may be deduced, principle.-- which, are pri.)posed 
as a 

L.wv OF Joints. 

1. The lithosphere is subject by its nature to the development 
of lines of weakness or fracturing which in turn develop into actual 
movable segments. 

These segments or joint lines develop in such regularitv of ar- 
rangement that they may be said to occur in “ joint-systems ” which 
are shown at the surface as controlling agents in hind, erosion and 
land shaping : and they act beneath the surface indnemg tectonic 
movements which are independent of atmospheric or marine contact. 

2. IDegradation of the lithospihere is fnndamentallv a factor in 
its own structure and will occur whenever an tigent ctipable of 
transporting the movable joint blocks is in conttict with the litho- 
sphere. 

This applies to those portions of the lan.d or rock ma^s lielow 
sea level. 
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3. Atin().-;jihcric ero^ion and marine planation are two separate 
phases of a General process of lithosphere deijradation wh.icli are 
fre(iueni!v connected into consecutive stages hy the presc’ice of 
joint lines which extend from heneath sea level up into the nci'S of 
the lithosphere al)Ove sea level; these lines arc also horizontal ntid 
thus act to produce flat surfaces. 

4. I )egradati(/n of tlie hthosph.ere surface niav occur also Ire 
tlie vertical di'placeiiient of tliv'C jo’.nt s,jonicnts irre-pective (jf 
atmospheric or marine contact. 

5. Joint ciantrol of lithosphere degnidation has been acti\e since 
the period when the lithosphere possessed a solidified structure and 
has been a fundamental factor in the evolution of the lithosphere, 
or geomorphology. 

DrT.Sn.Kii OitsitKV.MiaXs (‘X Pi. \TKS \'I.-\'III 

PL.vr.i; \'I . Fii s. I and j. TIk-'c sandi are entirely uncor.si 'lidated but 
are rather gritty. Rehoboth Beach. Delaware. 

Pl.\ti; \'II., Fig 3 Ji.iiiu disintegratKin in (luartz-mica-yaniet scitist. 
Prouts Neck, Maine. Tiie loose segments fall to water level and through a 
pebble-gravel process are reduced to quartz and garnet sands, th.e mica washes 
to sea. The original rock character is thus totally destroyed by a rapid me- 
chanical action working through joints. 

Fit,. 4. Bowlder flat at Sea Point, Maine, above Portsm.iuth Harbor. 
Tl'i^ flat is composed of incompletely red.uced joint idocks from th.e atliacent 
rock masses and appears to be built out over a reef whicb. lies parallel to a 
senes of other reefs and small rock segments in place. Th.e flat is a prohric 
breeding and feeding ground for vast colonies of raoUusca, small Crustacea, 
bme secreting algae. Laminaria and oth.er forms of animal and plant life. 
.\ngular blocks coated with lime carbonate are frequent Tb.e re!ato ,n I'lf such 
bowlder flats to life distribution suggests interesting paloograpr.ic analogies. 

Pl.\te \'III.. Flo. 5. Block di smtegration proceeding in a folded, area in 
coastal plain. The folds are now to be seen with their tops in most cases 
cut off and are broken into blocked segments. This fracture mav be seen 
to extend below the level of the cliff. Near O.gunqnit. iMaine 

Fig. 6. .Angular edge.-, forming an aln'upt scries of sea terraces. The 
entrance of one of ,t senes of p.trallel coves or small bays mav lie noted. In 
front of tb.e cliff exte-.D a broad platform il'.duced by the horizontal lointing. 
Cliffs near O,giir.ou:t, Mamc. 

( .All of the lilustrations are from photographs taken by the author.') 
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['crhap' a licticr rule itir n'v pap^r wmild !ia\c iicci’ ” I'a'iilinry 
X'oie' of a:i ( >phtha!ni.uli i^'ic Sii;!ii;hTan." Such a ;r.h . ii.i i'. 1 1 ,m_t, 
woulil ill licata ilic paper's onlv exeU'C lor liciiie I'mi- ca-'iiliota 
a^ tile iiijic' tiniuruiiuiielv tire. t!ie .aitlior lai' ler. tliit '.lat r.iielit 
be of -i.ai'.e >er\:e'e because, beiny both tin 0| litlitib. a . mi,] a 
.s'enaluian. lie hab a .'oniewhtit unusual tuivantaue in ~;U‘i_\':io- tPe 
subject. .\s an ophtlialmolocA;. he litul 'ueen concenub w'th the 
observatitin of visutil phenonierui anb knew 'ouiethi’pu of tla jiliX'- 
ictil tai'l 1 'I’chic factor' uuilerU ino’ tlietu ; wliile a.- ti 'icnalniati, pu.ir- 
terniaster. aiib sitjnal uftrcer in ilie ntivtil militia ttnb iiavi . lie iicpuireb 
a practical t-.cpuainituice with the vtirious lorni' of na\-al 'Antbliiit: 
under service craibitions 

In consibiering' the subject it i' important to htive 'Ome idea of 
what constitutes naval signals tmbi to kuiow in general how thev are 
made and interpreted. 

For the purpose of this pa{ier. signalling inav he defined as the 
art of communicating with another person bv means of symbols 
other t'nan ivritten or spoken words : such svmbols consisting, ac- 
cording to the method employed, of shapes, lights, sounds, move- 
ments, or any sort of exhibit whatever that can be appreciated at a 
distance. 1 hese symbols, either singlv or combined in groups, are 
use, accorddiig to synie special system, to denote individual letters, 
digits, or other characters ; and these characters in turn are com- 
bined acconling to some preconcerted code to form messages. 

dhe sTjecial symbols employed in any one system tire callcsl the 
elements of that system ; and the svstem is said to have 2 , 3, or to 
elements, according to the numher of dift'erent kinds of svmbols 
Used in it to torm the letters or characters. Thus a signal consisting 
of a disjjlti}' of lights vertically over one another at :i ship's niti't is 
said to be made by the Ardois INIethod. It is made with two ele- 
ments, since only two kinds of .synihols ( viz., red and white lights) ’ 
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are eiiiploxeil. The^e elements are e'ombined ae'e'e)rilintf to the In- 
ternational Aloi-'C System to furm letters; ami a succession of such 
letters mav form an arhitrtirv eombinaiion to be interoreleil bv the 
Xavy C'oile. 

Alr.TiroDs or SntN ai.lixc. 

The method' used in navv sitrnallins;' are as folldWs; 

( (! ) Mot:ojis. 

\\’i,y-\vay inoaxaneiu of fla^. turch.. 'earclt-lielit, nr ntlmr uhiect 
from side to side i . 

( /> I Fldslu's ot L!<iht. 

1-ktsli lantern tind winker h'sht, 

(c I Colors. li.w'd or Moiini. 

Display rif cialored and white lights (usually several in u:ie disjilat' i 
( Ardoi' Method 1 , 

I rojection into the tiir of rockets or red and screen stars ( W'rv 
IMelhod I . 

Coston and other lights. 

( (f I I'onr.s. 

Cone. top. and drum. 

Square dag. pennant, and ball. 

Semaphore. 

(Cl Foruis and Colors. 

Hoists of ciidored flags. 

(/> Soiiiuis. 

Steam whistle, bell, gunfire, 
lelegraph i usually wireless). 


Systems of Sign aelixg. 


I he 'VsteiU' commonly used in nav.al signalling are these: 
f->ot-Dasli System . — Comprises two or usually three elements.' 
VIZ. right, left, and front motions (Wig-wag): short, long, and 
extm long flashes ( \\ inker Light. Heliograph ) ; red and wdtitc lights 
<.\rdnis, : red and green stars and rocket (Very kleihod ) ; short, 
long, ami extra long (or single, -loitble. and triple) sounds (Sound 


' KeDIy in the.se swtems there is a time interval ihetween letters) which 
ei>n>t!tmes a tourth clement. 
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Siar.al' 1. Tw'ii I'f tlii ilciix-r.:' .ire enniliinn! tn turi!'. IcAer- .r\'.>r0.- 
in4 !0 tb-c Interna.nn-.ial Miif'C Ouile, anO if ilKia i' ■' 

ii-eil til fiirni .in iiiler\ il nr in.ike 'Htue ■.jieei.'! -■'e 'al 

Sc!rcf!\'i\’ Systi'::: — Onnipri'e' S ckiiKiH', \'/ . '.'a e'e’'' 

cii c.ieli I'f tile i\\i> arm- oi ihe -ima', ilmre i nr '.pe i ■ ,p” - ni 
j. map i. f niiptipanoim di tlw-^ aeenr'ppp p* a la" - tat- nam 
the vanrjti' letter- ni the tilpliahet tui'l -{'eeail -lu” , - 

I IL'-st — (. ompn-e- JJ ehmePi- i - le-a 'f’e -'0 

letter^ nf the tilpliaJiet ami one an-werinif nr emle PiP" pp 

A'.itp' IL'ist. — Conipriie- 45 element-, viz,, ih.e _>■' pnp. .hfpp ibee- 
rif the International Ayjtem ami 10 other- 1 repe P.t r-. prale, laa'all, 
pO'ition. etc. ) 

I;:tcriu'ti('>)ta! Distaju'c Systcn: — •. ompri-e- 4 eieP'e''i-. e cnne. 
top I inverted ennen 'Irinn. hall. 1 -\ -pu.ire tlait; ma_'. he r.-ed for 
cone, pennant for trip, .i penntint tied htiek to halliard.- nr a flac fed. 
in the middle for a drum. 1 Th.efe comhined accordmn^- t.i a -pecial 
svstem form letters and specitd signtd-. 

A'at’v Distance Systcin. — Comprise- 3 clement-. iz. cnne, trip, 
and drum. These combined according to a special -t’-tem 'nrm 
letters and special si.gnals interpreted by the Xavy Lndie. 

Signal Codes. 

Signal codes are divided into two great classes. Alphabetic and 
Signal-Book Codes. In an Alf'liahctic Code the letters or ditrits in- 
dicated bv the special system employed have their actual value as 
letters or digits, and are further combined to form words and num- 
bers just as thev are in ordinary writing — to form, in other words, 
what we may call spelling messages. In a Signal-Book Code, the 
letters indicated bv combining the elements in the system tmed are 
mere indexes referring to special messages or words contained in a 
code-book. Thus the elements i, 2, 3, of the dot-dash -y-tem. when 
used in its ordinary way as an alphabetic code, would if com.liined 
thus, 22 2122 3, denote the actual letters IM A', spelling the word 
AIY. But the same letters whether sent by the Dot-Da-h >v-teni, 
the International Flag System, or the International Di-ttmce .'hv-- 
tem would, if interpreted by the International Cride, have nri mean- 
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in" a' lent'!''. Init wouEl ileiiuR- the iiies^as^c " Shi'i : wni 

voii tow me?" 

I'he fi'llowin" cuile~ are ii'e'!: 

. 11 f'habciU' Ci'di'S — T iile" matiee Ey 'Oecta! i’eatn! w "iven to 
the eontrtirv. all me":i"e' 'em Ey wi"-\t a". Arclr,:-;. teUora.yli. wmEer 
liitlit. tiiiil 'enitijihore ;ire 'jielEn" !r.e"aue'. All ot llie-e are m.ter- 
preteT E\' the 1 nteriKiliontil Mor'e L'mle except tl’.e 'e’tiapliore. a.’.i'l 
thi' reail Ev the 'em.aphore eo.k-. In certain ctt'C' the flat;' rif 
the International S\ 'iein may al'O htive ihetr tilphaljctic nieanin" 
ami he U'cd to iharni 'pelliu" ine>'a,t;i 

Sbindl-Bi:i'k Ci'th's . — Ah nie^'atrc' 'cni Ey fla," hoi't, 'h.arie'. 
'team-tehi'tle, and \'ery 'tar', and, occa'ionally- me''aa'e' 'cn; Ey 
oth.er method' tire cri-ie me'':i"e'. to Ec inier]!rercil Ey >peci:d 'iyntil 
cod.C'. ddic'e 'it;nal code' are the — 

Intcnidtioiial Code U:ied with the Interntitiuiial Fla" Hoi.'t. It 
inchidej the .'lisjhtly variant code u>ed with shapes for 'cndiii" In- 
ternational Distance Signals. 

Xary Code used with hag hoi-t. shape', 'team whi'tle, and \'ery 
stars. The regular Xavy Code includes Eattle signals, genertd 'ig- 
nals. boat and deck signals, and s'peed signals. To these mtiv be 
added the towing, running, and riding ligltts i International i , Euov 
and lighthouse signtds I U. S.'). storm signals, an(l the various I 'fti- 
cers' and ntitional flags. 

Of course a message, whether a spelling or coile mes'age. mtiv 
be transformed Ev ci[)her. previou'ly agreed upon or dienoted Ev the 
'ignal sent, 

^\TI.\T .\ SlGX.MAI.VX H.\S TO Do. 

The signalman mu^t htivc an intimate working knowledge of 
eight different methods of signalling ( hv wig-wag, light flash. -\r- 
dois. \ cry stars, sounds, shapics, semajdiore. and flag hoi't 1 to be 
used according to six dift'erent system'. He mu't know with abso- 
lute certtiinty the signifleation (often multiple in each ca'e i of some 
30 comEinations of right and left movements, 30 combinations of 
red ;ind white lights disjdaeed over one another, 30 combintitions of 
red and green stars projected into the air. 30 combination' of short 
and long flashes or of .short and long sound'. 30 different jio'ition' 

- A hen prcrcflerl by the special call meanint; " signals follow." 
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Lit llic ^c ^!.4 Ti< iro. aiui '-uino tliticrciii ii''l lm ■'[jcalv oI [he 

\;inuU' iiatiijiial ihii;?. In adJilinn. lie iiiU't kiinw [h.^ \ariiiU' ihi}’ 
a.iiii iivehi p-i'iiuin and "jiced iLineer >!enal'. IM'.cl. !;l[1u. '’ale 

re'iil'. anil w ealher 'iuna!'. llie dhlferenl i'naX n! inin}' .i-a! Iiea.enn 
I’Ap.t.'. and I'ni'i he ahle and re.idy ni jiick iin ho.il'. 'hi;.', and 
rfiei^' He i' tile e\’e' nt the 'hip” and uu hi- \iei'a.nee aiai 'ieln. 
'[leei! end. aconracv. tlie 'hij.X 'alely iiia\ kiryel) dkja’al 

The 'iynalnian'.' I'niiei then are hiath. hiyl'.ly ini;', .n.in: an.; a.l-n 
arc eaned einl eianij.lex d'hes deniani! a e’n'i'akr.ihle dieyree "i 
intcliieeiice and .'kdl. In I'ni' ;i' in till (.titer 'kdled wurk. exi.e”'- 
eiiee an.! practice onunt eniinnon'Iva Tn tni nut'i.kr it i- ani.izi’ia 
ti,i ^ee the facility with which an exj.erience.l n'an c.in fnhill :•.:! 
tlie>e duties tna! carr\ theni nn leir a L.nc time wnh.imt ai.jiarent 
nieiital ain.I J.hy^ical itiliyue. One ^it;n;dIlu^n. w la . d’d nut claim t" 
he .'jiecially i.ruiicicni, tuld me thtit lie once read vi-n.d 'itpn.al' wili- 
I'Ut iiitenni.'riiaii for two lioui"' aa.l a halt, an.l wh.en hi- work w.i' 
difiiie felt iio more tired tlian if ho had heen retidintf ti hook for the 
.-ante lengah of time. Yet durin," tlii^^ L.iny period eye,- and mind 
mU't have heen intent witli scarcely ;i nuamentX rc'pite itn ever- 
varying' comhination:; of ?ymbok. An.! tlie (luickne^s with which 
'ig-iiak are appreciated and the necessary re.-ponsci "iven i^ equally 
a-ttoni.'hinq. For example, when in squtidron evolutions a flagship 
is -etiing flag -signal', the flag?, hent .an to the halliard', do not, 
of cour.-e, hretik out ?o a' to he visible until they are started on their 
wav up. Yet it i' no uncomnion thing for every ship) in the 
'puadron to send it? answering j.-ennant up before the flagship'? 
displa}’ ha- reached the top, thus showing that in two or three 
'cconil; at the most the four or five flag? comprising the signal have 
heen read, understood, and au'wcred by every signalman — and that 
even when some of the shipt? are several miles away. 

Such exp)enness. of course, come? only with practice. The be- 
ginner not onlv discerns signals less readilv, less far, and particu- 
kirly with less certainty than the expert, but he tires soon, so that 
hi' work fjuickly becomes unreliable." Xow even in time of peace. 

' Rcc.ienizing this, a quartermaster will not koeii an ine.\i)Lnenccd simial- 
man l.jukmg too lon.g. especially through a fielrl-gla.ss, at a seniaph.ire ..r 
winker light, hut will relieve him after a few sentences ha\e been taken .So 
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l)Ut. of course, much mcjre in time of war, the exi^ieticies ot the 
-ervice mav lie such that the skilled man i> not available. He may 
have to be re])lace(l by a man not sulticiently trained. I hi.' i-; par- 
ticularlv the ca.'e under present-day conditiijns when our war'hip' 
are deplortiblv undennanneil. It i' important, therefore, to coii'iiler 
w’htit difficulties tin ine.xjierienced man hti' to contend with tind Itow 
thc'C difficulties affect his readint; of 'i^nals. 

There i' another ti'pect of the matter. '1 here are 'ome men 
who never liecom.e ”‘ood siejutdnwn. I he [iractice hti' iieeii to di'- 
cover whether this i-; 'O or not by 'electing: a man ha]ihaz;.rd. tryintf 
him out. and rejeciin," him if he f.ail' It would be better 'urely to 
lie able to form 'Ome idea in tidvance of what the caU'es of d.i-;- 
(|u:dincation are. so that the rigdit scart of man mi^ht be i'lcked out 
in the first insttince :ind no time wasted in traininti- the inefficient. 

From both points of view it becomes us to consider the factcirs 
that determine a man's tibility to perform sisynal duty, Th.cse fac- 
tors are; ( i ) The chanicter of the siirnals themselves and th.e way 
this character is affected by externtd com.litions. ( i The 'ij^nal- 
man's own physical and mental qualifications. 

Intrinsic Cii.\r.\ctek ok Sion.xls Themselves. 

.''ig'iials dilter very greatly in ; 

/. J'isibility . — Some even under the best comlition- can hard.ly 
be seen beyond two or three miles ( by the tvro not so far i . others 
can be seen any distance. 

Lcuibilitw — Some signals, especiallv those having a large 
number of elements ( flag signals ) or in which the elements are 
shown in grotqis i Ardois ) or very rapid succession (semaphore, 
hand wig-wag), can usually be sCen further than thev can be read — 
although it must be stated that this discrepancy between legibilitv 
and visibility is most marked with beginners and diminishes rapiillv 
as experience grows. ( )ther signals ( winker light, wig-wag Iw 
flashlight or searchlight. \'ery stars) can be read even by begin- 
ners as far as they are seen. 

y. Amount of Strain They linfosc on the Sight and Attention. 

al.'O a si;snalnian, wlien fniilinsr liimself .qettiiii; unUoady, will ask a cumnaniim 
by liim to lake hi-*; place. 
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Thi^ i? partioiilarlv yi'L'at with the M-niaplaire aial i-~|icc;a!l\ iIk- 
winker Iiyht. 

r.\TI.kXA[. L 1 iMtlTIUN.'- Alllwlixi. Mi.N \I 

i Iie-^c are ! 

i. Faulty TtLitiiiijua In Scndjia. — Mi't.iki.' in.i\ i^eenr wnh an;, 
metb.ijil ; but faultv teehnii|Ue ^ive> iruuhle p.in:eulirl_\ \t iih ll'-e 
haiiil w i,”-wat;'. haml >eniai>hL)re. and winker Intlu. It .ilteei' \i'i- 
liilitt' .'Carceh- at all. hut often ”‘reatly reduce- the lettibiliiy uf nie-- 
.-aye'. Bv iniiiairing' leyihilitv it puls an tidded -train on the .-iyht 
and attention of the observer. 

I'anlti' techniniie includes not only carelcs.-ne-- in the inechanictil 
execution cu' the sii^nal, hut al-o i.ulure to tickn. iwledye ,-iynal- 
I roperly. ftulure to -ecure a jiroper backitroiinil wlicn reque.-ted. 
failure to correct error-, and too -low sondinif. .'^uch faults, if 
per-iited in. unduly prolong- the ine-stige and weary the receiver 

JFcatlicr Conditions. — I'hese ntiturtilly at'fect both vi-ibility 
and legibilit}-. especially the hitter. Fkig hoi.-t- and -\rduis become 
particularly difficult to read in thick wetuher and nia_\' htive to be 
replaced by distance signals or even by .-ound signals. Flag signals, 
if the ship is not under way. require some breeze fur their proper 
display: but a gusty wind may interfere a good deal with their 
legibility.^ The sun, if behind the observer, is usually a help espe- 
cially in hand wig-wag. hand semaphore, and flag displays. The 
light shining on the display and reflected from it. makes the signal 
stand out better, especially when the latter is in motion or shows 
contrasting colors (hand wig-wag. haml semaphore, flag signals). 
Per contra, the sun behind si.gnals not oifly tends to drown them out 
so that they are hard to read, but also causes so much irritation and 
dazzling a- the result of glare, that the eyes may soon tire and be- 
come unserviceable 

A strong w ind blowing in the observer's face may make the eye^ 
water and -o interfere with the reading of ^igntils. 

y. i'se nf field Class. — Some signalmen prefer to use the naked 
eye, but many habitually use either a spy-glass or generallv a low- 
jiower field glass. This about doubles the distance at which -i«-- 
nals can be read and increases the legibilitv nf some signals, e-pe- 

■ipor the tyro at least The ohler and more experienced man will find 
little trouble on this score. 
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cially ihe niyht 'cniaiihore. When, however, the ship i- rolling or 
pitching :i good detil, it is difficult to keep the .glass on the object. 
It then bec(jnies quite hard to rea<l the .signtd', and the strain on 
the attention is con'ideiaiblv increased. .\nd even when there is 
no motion the use of :i gkiss causes more sintin than looking with 
the ntdted eve. 

./. The Motion or Position of the ShiM — d'h.i' n.ot ic'd.v m.akes 
the u.se (jf ;t gki" difficult, but even with the ntdscil e\e interfere' 
with the observation of signtils. So too. the ship mtiv be so placed 
that fltig or seintiphore signals are not easily seen or have ti poor 
btickground. 

y. Ucclitsion of Uhjcit by spars or funnels or by the sudden dip 
[ling of the ship in a heavy swell. 

i.M'Li'E.xcE OF These Co.nditio.ns in Speci.vl L'.vsns. 

1 he visibility and legibility of the chief methods of signalling 
and the demands they make upon the e>esigh.t mav Ije summarize! 
as follows : 

1. Hand n'ij./-Il'ai /. — The regular wig-wag signal kit comprises 
two-foot, four-foot, and six-foot flags, white, red and black. The 
black flag is supposed to be used with a sky background, but is rarelv 
employed. The red flag theoretically would show better than the 
white against a green or white background, but. as a matter of fact, 
the wdtite shows best under almost all circumstances. 

I he wig-wag is visible a very considerable distance. Its legi- 
bility varies very greatly with the technique of the sender and with 
the background. (Tiven a good sender and a .good skv background, 
the wig-wag messages with the large flags can be read over six 
miles' even with the naked eye. Ihis method requires close atten- 
tion. but i' not particularly tiring to the eves. 

\ ery legible i^ the night wig-wa.g with oil or electric lantern. 

-• ‘■h/ ScarcJiIiglit . — searchlight projected against 

a cloud and waved from side to side like the hand wig- wag. can be 
seen and read practically any distance. \'essels have signalled in 
this way from ocean to ocean across the Isthmus of Panama the 

'The statements in this .-ind the udl.uMn.u iiara.eraplis reeardin.g ran.ge 
<)i Msiiiiht.v are tu he taken as the maxiiiuim for expert receivers For ordi- 
nary .si.mialmcn, particularle- when the weather conditiuiis are not stood, these 
distances would he halved. 
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beint;' iXn'U’ apart. 1 ho inc'-atto' a.rc ''■ory looiiilc an-.l 

tlie iiiothcul iirit taxiiiLt to tho o\os. 

t. Ihind Scir.ii rl'.i'rc — I'hi' ha' laru;ol\ ropLiooil w '.o-v.at;. lie- 
can?o tho ^lynaU can bo mtnlo fa'tor 1 am a. i_' rn a; n ni;. -ol:. anil 
fur that ro:ison, |-a‘rh;qi. it >oom' m mo inuro J.'iticu:: a.rl lo" lot;- 
iblo than tho \\!tf-\v:iya It coriainlv roiiuiro- carouti toclinaitio, 
nth.orwi'o coritiin cum.binatioU' tiro in^l!^tinyui'l1a.blo iru'.ii oach nth.or 
I c. < > from 1 an.il W’ from Xi. h ih.ai a mi.i,; nb-orvor 

cam read 'iynal- threo i.ir four miles, but ihi' dopond' croa.tl'i on th.o 
'ctider anil tho backyromul. 

./. MacJ’iiu' Scsih!l''ltorc. — By day tho 'omapiioro arm' are road- 
i'v seen if the background is good. By night the h'ght' o:i tlio two 
arms are apt to blend in the acute angleti 'ignals i H. < •. T. W, '/. >. 
making it jomewhat difficult to determine whether one or two arm-; 
'liow. This difficulty does not obtain when a tield-gla.S' •' n>od. 
If the night semaphore is workeil rapidly, the tiftcr-imagos pro- 
fluced by one display might theoretictdly be confimed with the di'- 
play following, but this seems not to occur. The shifting ligln> are 
somewhat trying to the eyes of the inexperienced. The range of 
legibility is fariousl}' stated at one to three miles or more. 

5. U'inkcr-Liyht. — This, like the heliograph which it groatlr re- 
sembles, can be seen practically an_\- distance, provitled the .'endcr 
or receiver is sufficiently elevated above sea-level and intervening 
obstructions. If the teclmiqiie of sending is good, the light-flash can 
be read as far as it can be seen. In India, where sending can be 
done from great elevations, the heliograph, they say. can be read a 
hundred miles. I have signaled with it sixteen miles. It might be 
used that far on shipboard. To do so would require both observer 
and sender to be rather more than forty feet above sea-levd. 

The winker light is quite trying to the eyes, e5])ccia!l\' when re- 
ceived through a gla>s, and beginner^ cannot receive lung at a lime 
without their attention flagging and their work lieing unrelialile. 
Twinkles and flashes’’ impinging in rapid succession on a jjaniallv 
dark-adapted eye, cause considerable strain, although it is a --train 
to which one does get remarkably accustomed. 

Just as the searchlight is used for wig-wag it is al-n n-ed for 

Readers uf Kiplin.g will recall his graphic hues: 

■■ .-\ helir)crra])h tcvipcstin’usly at plav.’’ 
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throw in,!:; hoi-^ tiiid dtihic- of hu'ii a clonil. Such 

which ;irc the stune :i' w:nker-h;;hl ^lt;nal^, can ’ne 'ccn and letul 
prticticttlly any di--tanct- 

0. .'Irdt'is S'lphils . — lie Ari'iii' i-' nut :i' iti't ;i' the 'enitiphore. 
hut faster thtin the winker lu;lit or w.e-was^ I he 'iynal' are easily 
<een and eti'ih rea<l. * ^h^er\Lr^ 'hiler a yoo*! detd as to the ian,t;e 
of vi>ihihtv of the Ar'!iii> — 'onie a'lle”in ;4 th.'it it can not he read 
more thtin three iinle' under the nii'^t favortihle conditions, others 
ihtit it c;in he seen from four to ~'X mile'. 1 lii' i> with the electric 
lamps on -hiphoard which, are 'lune: twelve feet apart. In some ex- 
periment' th.it we mad.e ,ii our h'ire I'land siynal station during the 
Spaiiish-Americaii \\ .iik 'imilar lamps lii;hied hy acetylene were 
read eight miles 

At long di'tanccs the 'everal lights of the display run together 
into a contimicius har. hut even then it is possible to read the signals 
by noting whether the har i' long or short ainl whether it is plain 
red or plain white, or white headedi with red. The red light 
naturally looks smaller and dimmer than the wdiiie, and it would 
doubtless be an advantage if ilie red lamp were made larger and of 
more candle-power -o as to equalize the visibility of the two. 

The Ardois displays may lie obscured by funneh. masts or other 
interventions ; and it sometimes happens th.it in the complex of wires 
that go from the keyboard to ilie lamp' some part will give out, so 
than one or more of the thirty combinations is defectively given. 

The Ardois makes very little tax on the eyes. 

y. Fhui Displays . — Flags of battleship size can be read six miles 
or more hv a practiced observer. I his. however, obviously depends 
on many factors — the clearness of the atiitosphere, the direction of 
the sun.' the wav the flags blow out in the wind,' the character of 
the background, etc. The colors used are white, red, blue, yellow, 
and black (the last in onlv three of the flags). \Miite is bv far 
the most conspicuous color, and in the party-colored Hags may be 
the only part visilile. .Some, in misty dtiys or at dusk, fliid difficulty 
in discrimiiKiting between certain flags like L and L' but the expert.s 
say they never have trouble on this score. 

' Sun licliind Hnu' iiiterfnrcs very seriously wiili the ability to read them. 

'A little llajiiu'iin enhances the legibility oi the llag : a good dc.t! of flap- 
ping impairs the legibility. 
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Flaw i.iwiuilb, being" neee^-'arih imorniiiteiU. iiiake iiu ereat ile- 
niaiiJs on the eyesight. 

F.\CT(.)KS IX THE SlGXALM.\X lllM.si.l.F. 

The factors that inuy affeci a signalnian'--'' ctliciency are : 

1. Faulty vision. 

2. Defective color vision. 

3. Refractive errors, including defcctire ticcouiniodatinn. 

4. hliiscular errors. 

5. Slow reaction time. 

6. Slow adaptation. 

7. Effect of after-images. 

8. Fatigue from prolonged. e-xce>.'ive strain of eves and body. 

I. Faulty JFsion. — Fortunately in our navy, owing to the in- 
sistence of the medical officers, the visual rciiuireinents are high, 
so that seamen generally, and hence the signalmen also, must have 
good vision in each eye without the aid of glasses.’-" It is very im- 
portant that this standard be maintained. I may add that it is a 
great pity that the sam.e standard has not been mtdntained in the 
army. In the conditions of naval service and of army service too. 
acute vision is important, and glasses are a considerable handicap. 
Readily fogged by moisture, smoke, or grease, they may obscure the 
vision just when it is most needed. For in quick signalling, when 
a second or two lost may mean the loss of a message and the conse- 
quent delay of a whole s()uadron in some important evolution, one 
has not time to clean glasses or replace them when broken. And 
if one pulls the glasses off and goes on without them, the sudden 
change in visual acuity and the sudden strain on the accommodation 
thereby produced may. even with no verv great refractive error, 
reduce the sight below service retiuirements. I mvself had a good 
example of this during a week’s cruise on the San Franci,-co in 1896. 
Without glasses I had a vision of some to 2^. Soon after the 
cruise started my glasses were broken. \\'hen it came my turn to 
act as gun-pointer. 1 could not .-ee the target : when I took my jjlace 

^ hat is said here ahwiit signalnit.n in iscueral to ;auu-pointers 

and otliers doing similar uork makiii,^ special dciiiands on tlie eie.Mglit. 

The refinircrnents are jijj in each e\e ami for gun-pointers p.' in the 
eye u.scd for sighting. 
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lookout. 1 had a half hour ui concontrati-il nii'i'ry. ^inc(■ 1 w;i' 
ah'ohUclv uuccrtain wh.ctlK-r ihi- d.anoin;;^ -poi-^ on the hurizon were 
lii;ht-- to he reported or mere iuue ' fatiii. I ertainly I wa' iK'it (juali- 
fied t(j he ‘'the e\ e- of the ^hi])" thtit niuht. 

['icfcctiz'c c (i/iir r.s'fii. — < th\!i)u^l\ a ^i^nalma.n niu-'i he tree 
front even r;liyht deiee't-; of e'olur jiere'e’ption It i- h'.' husine.'.'^ to 
<le;d with etdor-- (red. while, juiil jtp'een lii^lti'. and vtaaous eailored 
flay') <ee!i often in the nio.'t iinftivorable atmospherie' condition'. 
It is fonuiKite that our navy like all other' rccoynize' the impera- 
tive nece.'siiy th;u every man in it >h.ould he free front color defects. 
It cliny'. t(.) he ^ure. to the (lUtworn ITolittyrcn tC't with wools, 
when e.xperionce hu' 'hoevn ilittt it would he heticr to U'C the ctiually 
simple and more certain ^e^t' of Xaye! a.nd <ii Stilliny. ;is well as 
the very practical huiicrn te<i'. .''till our medictil oflicer' are very 
keen in this reyard, tiiicl it i^ very rarely the ca?e that any man witii 
color defects slij's hy them. Xiureover. in 'iynal iraininy. the pres- 
ence of any seriou? defect wciuld .'tion >how itself hv some failure 
in reading Ardois 'iyntd' ;md especially in making out certain flags 
:it signal distance. 

?. Rcfracttz'c Errors. — Moderate uncorrected refractive error.s — 
hyperopia and astigmatism of a. dioptry or so — are (juite compatible 
with keen sight. Eyes attected witii them, however, may give out 
under prolonged strain either of the eyes themselves or the whole 
body. This has been seen in the European war. in which, as notetl 
b_v two English observers, men with only a minimum amount of 
hvperopia suffer such deterioration of 'ight from the prolonged 
strain an<l fatigue of trench lighting that thev become useless as 
nKirksnien. In view of the verv exacting demtmds made on a naval 
signalman, and in view of the fttet that in our short-handed navy the 
hours of work of an\- one man may be itiordinatelv prolonged, it 
would seem imjjortant that men with even sliglit errors of refrac- 
tion should be carefully tested under exactitig service conditions, 
and if they show tendency to give out under the strain, should be 
kept on probation until it is definitely determined whether thev are 
fit for the work or not. 

4-- Pofoifs of tlio Eye Musoirs. — Xo man with an obvious sijuint 
would be allowed to outer the navy, hut maiiv a man m;iy get in 
with a comparatively large latent deviation caused hv muscular im- 
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balance. Those defect> cau-e much ihc -.niic iroiible :i' refraciivc 
errors. That i?'. ihev caU'O undue -trai'i .I'nl lance may uliimaiel\ 
])roduce temporarv ilmalnlitv ot the e}i' a-- the re-ull uf jirolmiyed 
fatigue of the eves and the Imdy. It wouM la' uill to put candi- 
dates for sigiuil work through a careful examination fur thc'C 
errors, ami, if they are present, pm ilie camlidaie liini-elf on pro- 
bation or in e.xtrenie ctises reject him altogether for -igntil work. 

Of errors of this sort it may be remarked, nrst, that coniU'ioii 
due to them is revealed by the fact that it ili^appears if one eye i- 
shut: second, that troiihles of this sort may he accentuated or con- 
verted from latent into positive sources of mischief hy -onte of the 
conditions of naval service, e. g.. by the too prolonged use of a "p)- 
glass which excludes one eye from vision. 

5. SIo:c Rcih'tiiiji T'n)u \ — In the complex process of seeing, inter' 
preting what is seen, and exjircssing or acting on the interpretation, 
a certain time is consumed, which differs in different people. In 
certain avocations it is important that this time be reduced to a 
minimum. For a railway engineer, a motor driver, a pilot, a gun- 
pointer, or a signalman this need is imperative. This is well recog- 
nized in the navy, where a man. no matter how koen-sighicd. how- 
intelligent, or how steady, is rejected for gun-pointing or for sig- 
nalling, if on trial he i> found to be persistently too slow. A man 
must be sharp in all his reactions, " quick on the trigger," as they 
say. Such men fortunately are fairly numerous in our navy, con- 
taining as it does bright, active, and wholesome youngsters, abound- 
ing in physical energy and spirit. Even among these, however, 
there may be some who do not react quickly enough to be good 
signalmen. Would it not be well to weed the^e men out by psycho- 
logical tests of their reaction time, taken when Ihev are first detaclied 
for signal work, rather than, as at present, to find out by weeks of 
useless trial that they are too slow ? 

6. Slozi .1 Adaptation . — A signalman’s work- on shiplioard requires 
quick adaptation. With varying sunlight, the glare from water and 
bright w-ork, lights below- decks of varying inreiminf ', signal li,ohts, 
ship's light, and .searchlights, he is often required to change sud- 
denly from one condition of illumination to another. This change 
requires quick retinal adaptation, as otherwise there m;iv be confu- 
sion in seeing with a retina ill-adapted to the existing illumination. 
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h also causes \i'ual di-cnnifori wliich uiay aiicr a time re^uh in 
\i'Ual (li'aliililv. 1 he can'-e> of llii' (li>comfnrt. as Feree liti' 
|)iiiiUeil out, are stulileu ilUaiations anil ci iniraciion' of the iris, con- 
junctival irritation, a.nd fatiLtue of the e\ltrior c\ e mU'Ck'. 

I'he cffeci of >lo\\ or innierfeci ailajitation oti -•Ltnallint;' illi- 
cienev h;is not. far ;is 1 know, heeii examined 'cieniilicallv. It 
w<tuld jeeni ;l' if this ^\^re a prorni'in”; tlcM for the iihv^icilotti^ts, 
l)>ycliolo:,,dsts, ;ind our naval medical nte-n, 

7 . Effect I if .Iftcr-lmciics — After-imatt'es conceivtibly niav be a 
cause of confusion in si^ntd-- hy nittht '•eni:i|i!iore, hv winker littlit, 
:md hy fla-hli^ht — and jxo'ihly hy Ardoi-, Th:-t they have this 
etfect is douhtful. hut the ca'C reijuire-- si.udv, 

c'i’. Effects of Oct'Ie.r euif tieiie‘\J 1 etorjc. — It i' olivicius thtit to 
do sio-iial work tts it >hou!d l,>e dotie, the 'funtihiian must he coii- 
tinuott-Iy tilert tmd nietitally tmd jihysicallv (juick. He must not 
only he all the tune in ;i ^I;lte of idiy^ictil eftlciencv, hut must have 
a good store of surplus energy ^o as no time to he close to the limit 
of his resources, L >ttal!y this de^irtilile staite cihtains, for in the 
llr^t place our seaitien are picked tneii — phvsicallv tit and nietitallv 
alert. In the secoml pdace. life on ho.ard spjp stimulatinsj and 
wholesome to miittl and hodv. aitd tends to keep men constantly in 
.srood condition. 

Idite ^etlou^ diaw'oack is to he noted. Ivcference has been made 
more than once to the fact tli.at citir navv i' imdernianned. The re- 
■sttlt is that even in tlie ordinary rotttine work the men have to work 
o\ crtime, <ind when domtt^ hi_eh pre.-'sttre work, as in perforinimp 
evolutions or target practice, they may htive to work almost con- 
tmuouslt toi ntant hours at a tune. Xo hodv of nten, hott'cver lit 
can keep up coiuinuoti.-ly under such a strain. Efficienev in all 
tlnection^ is impaired, and. not least, eltieiencv in sig'nallin^’. 

Coxn.rsioxs. 

From the.-e desuhory oh-ervaiions the followin-j conclusions niav 
he drawn. 

I. The standtird- of vi'-ion and color vision now required in the 
navy shottld l.y no mean, he <liminidied. Inn rigorou.^ly maintained. 
It would lie well if eintally hieh .and rim'd -tandanls eoukl ])e applicil 
to die army. ,\nd ii liecomcs u- as l.iymeii to uphold in everv 
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way the ett'nrt' of the niedica.l men of tlie titivy to mainUiin the--e 
iwtial ^ttimlanU, whieh too often are availed 1)\ |u>liiieian' and 
welhme;inin,>; friends of candidates who. we nia\ heheve, tire itf- 
norant of the danyer to which thev would exiiose ottr 'hiys. 

2. A man dettiiled for ^iyn;d work in tlie tiavv ~hould he exam- 
ined for sligdtt errors of refraction ;ind for mti'cular anomalies. 
If these tire jiresent. he -hoiild lie tC'ted from time to time to -.ee 
wdiat ettect these error> are htiving on hi- 'ienal capticitt’. tnid if 
they are imptiiring: it he should he relcgateii to other ilut\. 

It would be well to collect a con'idertihle ina-;-- of dtita on thi> 
{)oint, so as to determine once for all the ehect thtit li_\ ami large 
these errors of refraction do jirodttce on signalling ahilitv and other 
tasks — gun-pointing- and lookottt work — which re([iiirc :i high de- 
gree of sustained visual iiower. 

3. It would be well if psychological tests of the reaction time 
could be made to determine the titncss of nicn for -ignal work, and, 
particularly when the tests indicated sluggishitess. to repeat thorn 
later from time to time as checks on the si.gnalling cfticiencv. 

From these experiments, too. a good deal of valuable data could 
in time be accumulated, which wotilfl. c. (j.. show the true relation 
exi.sting between reaction-time tests and signalling efficiency, 

4. The present deplorable undermanning of the nnvv should not 
be permitted to continue. Putting it on no higher plane than sinijtlo 
business prudence and national self-interest, it is vital that the 
highly specialized work of our navy should be itroperly done; and 
it cannot be doite when a ship, as now. carries but two thirds of 
its minimum complement. 

In conclusion. I should like to put in a plea for the extension of 
signalling throughout the country. It is healthful stimulating work, 
that carries one into the open, that becomes fairly fascinating as 
one pursues it, and that may be extremely valuable in time of need. 
To be able to talk to a companion or stranger miles awav bv the 
motions of the wig-wag or hand semaphore (made with a hand- 
kerchief and stick ) , h\ sound signals, or bv extemporized flash 
lantern or searchlight not only is often a great saving of time and 
trouble, but in many an instance will he the means of averting some 
supreme di'a-ter and of saving life itself. 



SO^IE I'KOPERTIES OF VIBRATIXG TELEPHONE 
DIAPHRAGMS. 


By E, KE.WXELLV, S.D.. .\.M , H O, T.VVLOR, Ph.D. 

(A'ljJ .'!pn! 1 

This investigation was conducted hv the Research Division of 
the Electrical Engineering Departnient, of the ^Massachusetts Insti- 
tute of Technology, during the years 1915-16, under an appropria- 
tion from the American Teleiihone and Telegraph Company. The 
experimental work was carried on at Pierce Hall, Harvard L'niver- 
sity. It constitutes a continuation of the researches reported by the 
same authors in the paper read last year before the American Philo- 
sophical Society,' and in the paper by Kennelly and Attel, read 
last year before the American Academy of Arts and Sciences, “ 
dealing with the motional-impedance circle of telephone receivers. 

It is now well established that the motional-impedance circle 
of a telephone receiver; i. e., the circular locus of that part of a 
receiver's impedance which is due to the motion of the diaphragm, 
enables the characteristic constants A. in, r and v of the instrument 
to be determined experimentally. Its diameter, OD, Fig. 4, is 
depressed below the resistance a.xis OA (resistance component of 
impedance), through a certain angle. AOD. which is designated by 
/Jy’ -p fS/'. Here /?y’ is regarded as the angle of lag of the pull on 
the diaphragm behind the alternating current in the coils giving rise 
thereto; while is regarded as the angle of lag of the E.ill.F. in- 
duced in the coils, behind the velocity of the diaphragm's vibrational 
motion producing it. 

The researches here reported have been two-fold namely; 

' Exiilorations over the Vihrating Surface' of Tcleplionic Diaphragms 
uiuler Sim.ple. Iiiijire^scd Toiic'." hy -V. E. Kcnncily and H. O. Taylor, Proc. 
.-Im. Phili's. Sih' . Vol. LI\’., .April UJ. 1915. 

s Bibliography, 10. 
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1. Investigations were made with a \ iew to a>eertaining how 
the two lag angles, /Ij'' and (i}' compared with each other, in a given 
receiver, and to what extent they depended upon the iinpre-^ed ire- 
quenev and upon variations in construction. 

2 . In the course of this re^earch, which hti> invohed the tih>er- 
vation and plotting of some sixty motiuti.d-iinpedance circle>. cer- 
tain departures from the circle were noted, due to tdinormalities t)r 
irregularities in the mechanics of the receiver diaphragm uniler te-t. 
Investigation was directed towards determining the ntiture ;ind 
causes of these departures, 

I. IxVESTIG.tTIOX' OF THE DEfKESSlOX AXGLES /?," .\Xn /ig'. 

The method adopted for investigating the magnituiles of the 
two component depression angles 13" and !3J' was an optietd one, 
involving Lissajous hgures,' A small and powerful beam of light 

Telephone 



Fig. I. Diagram of Optical System for Producing Lissajous' Figures. 


front an arc lamp. A, Fig. i, was directed onto a tiny triangular ex- 
ploring mirror, about 0.5 mm. in length of edge ui. as referred to 
in both of the preceding papers of this research,^ This mirror w as 
elasticallv supported in contact with the center of the outer surftice 
of the telephone diaphra.gm D, so that vibratory di.splacemeiUs of 
the latter would cause the mirror, in. to rock aliout a horizontal 

" Bibliograph\', 1. 
r Bibliography, 9 and 10. 
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axis. The reflected arc-li^ht beam then fell upon the mirror .17, 
of a Duddell bilikir vibrtiiion Galvanometer.” in the .-anie circnit as 
the telejjhone receiwr coils C'. ami ^o arraiii^ed ;is to vibrate aiiont 
;i vertictil tixi-. tinder the action of the current which tictnated the 
telephone. d he beam flnallc jirodnced a spot of lipdit on the trans- 
parent screen, 5'. rtwin.G to the two imlejiendent mirror vibrations 
bein,G of the same fre<inencv. but about imttually perpendicular axes, 
this spot of lipht traced Li-.-ajon-' tiunrc' on the screen, and the 
observed <hape of the>e nGures enabled calculation^ to be made as 
to the phase differences between the movements of the two mirrors 
«; and M. It was therefore necc-sary to make an inititil examintition 
into the jihase relations of the l>u.ble!l ".dvanciinctcr mirror M, 
with respect to the alteniatinG current operating it. 

Ctbservtitions on the phase rekitions of vibration galvtinometer 
mirrors have already been juihlished.'' It w.as found, however, in 
the research here reported, that ;is might be expected from the 
ditterential equation of motion of such an instrument as an oscillo- 
grajih or vibration galvanometer, it inherently jiossesses a motional- 
impedance circle, like a telephone receiver. The motional-imped- 
ance circle of a vibration galvanometer, or an oscillograph, differs 
from that of the ordinary telejdione receiver, in having its diameter 
coincident with the resistance axis, or very nearlv so; so that /3," = 
/3d— = 0 . This means that the vibrational angular velocitv at reso- 
nance is in phase with the vibromotive force, which in this case is 
also in phase with the actuating alternating current. From an ob- 
servation of the instrument's motional-impedance circle and deflec- 
tions, the essential mechanical and electrical constants of the instru- 
ment. for its ])ariicular suue of adjujtment. can be readilv deter- 
mined. This theory and lechnicpie fur vibration instruments, which 
are onl_\- siile i>'ues of the main resetirch here reported, are dis- 
cussed in .\ppeinlix I. It suffices h.ere to note that provided the 
Duddell galvanometer is out of tune, even onlv a few per cent, w ith 
respect to the actuating currents, its mirror di-placements w ill be 
substantially either in phase with, or in o;iposite pha-e to. the ac- 

’■ P>iMioL;r:ii»hy. 5 

'' Bililiom'aphy. 0. 



418 


KEXXELLV. TAYLOR— PROPERTIES OE 


tuating current. If the alternating current h:i' a luwer frequency 
than the particular resonant frequency to which the inr.irunient is 
adjusted, the mirror (.lisplaceinents will be substantially in phase 
with the current: t\ hereas if the A.L'. fre<juency is higher than the 


r 


Axis rOephunt OntHt i 'I'g 


/•biuif.uf. 


*■^ 4 x 15 of Oscilloijruph 
/I'farutioii 


Ghost clue to defect m 

Oscdfo^roph Mirror, 

Lissojows fi'i^urt' for Diaffhrutjm tl 
si'howin^ Phase Difference m yibfotion 
between Carrenf and Oiophra^m. 
Freijnencij ?li.i iv 


Fig. 2. 


instrument's resonant frequency, the mirror displacements will be 
in opposite phase to the current. There was therefore no prac- 
tical difficulty in ensuring one or the other of these two conditions, 
as might be desired, for impressed alternating-current frequencies 
up to i.;oo — , the Duddell galvanometer employed having a range 
from too to 2,ooo 

Fig. 2 is a photographic record of a Lissajous figure, obtained 
on the screen A of Fig. i, for a particular case. These test records 
were photographed and analyzed. The well-known analysis is re- 
produced in Fig. 3. The Lissajous ellijise ABLD about the center 
o and coordinate axes A'.r and Tv. is supposed to be described in tlie 
direction of the arrows. Corresponding jioints on the circles 
and AJ 3 JA.JJ.. are projections from the ellip.-e on the Y 
and X axes respectively. The phase dift’erence between the simple 
harmonic motions of Ty and A'.r is any one of the four equal angles 
3,, s(;, and 7,- Owing to imperfections in the photographic 
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record and tracing process, these four angle? ordinarilv are not quite 
equal; but their arithnietical mean may he taken as the observed 
phase ditt’erence. Since in the photographic record, the oscillations 



Fig. 3. Lissaj'.us' Diagram. 


of the telephone diaphragm produce the vertical component, and 
the oscillations of the galvanometer mirror (in phase with the cur- 
rent). produce the horizontal component, the lag of the diaphragm 
vibration behind the current becomes determined. This lag angle 
should agree with the lag computed by mechanical impedance ( 90'’ 
'X ). except for the angle /?i • It was found thttt bv varying the 
impressed A. C. frequency, the Lis.-ajou- ellipse could be made to 
pas- through all its form-. /. c., .straight line, ellipse, circle, ellipse 
and straight line. 1 he j)ari!cular form offering etisiest recognition 
and greatest preci.-ion of measurement, is the straight line, under 
which condition the two disjdacements arc in cither cophase or o{t- 
position. This means that the diaphragm displacement would be 
in zL cophase with the current, or the diaphragm velocity in quadra- 
ture with the current. Referring to Fig. 4, OA represents the 
standard phase of .\. C. vector current. OB. in quadrature there- 
with, is the phase of the diaphragm’s vibrational velocity when the 
Lissajous figure is a straight line. By ob.serving, on the Ravleigh 
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bridge, the motional inijiedance C)C of the telephone at this fre- 
quency, the angle BOC is the l;ig of the motional 1'.. M. I’, behind 
the velocity producing it. ;ind i> equal to the angle Rd'. Since the 



i; 
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The three vectors (current, 

diaphragm ve/oatg and count- | 
er electromotive force) refer . 
to Liosajous figure observa- 
tions which were made when . 
the Current and diaphragm 
V/hrafiona! displacements 
were m ± caphase. 


Telephone Receiver 
B 

Impedance Circle 
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! , • ..t I I ! 

Veiocity Circle 
I .5 o 1 z 3 cm/sec 


■40 -30 -ZO -fO 0 >0 ZO 30 AO 50 /Resistance 

Fig. 4. Uiidistorted Circles of Motional-Impedance and \’elocity. 


depression angle AOD of the motional impedance circle, taken from 
the observation plot is +J®/. the angle /?," is immediately deter- 
mined. The test therefore requires the motional-impedance circle 
to be obtained over the principal range of frequencies, in Fig. 4 from 







\ IBRAT1XG TELEPHOXE DIAPHRAGMS 


421 


857— to 1,050—, then adjusting the frequency to the particular 
value ( 1,013 — ) at which the Lissajous figure becomes a straight 
line, measuring the motional impedance in the circle at this point, 
and then deducing and /2," geometrically. In the case of Fig. 4, 
38' and /fd-— 46“" 20'. File jirecision obtained in measur- 
ing these angles corresponds however to a probable error of one 
degree for a single observation, so that reliance cannot be placed on 
the minutes of arc. 

The following table collects the results obtained with one bipolar 
telephone' receiver B with two successive diaphragms, i. e., dia- 

TABLE I. 
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Xotc: In the case of Test 2. the load of 0.6 gm. was applied to the dia- 
phragm at its Center: whereas in the case of Test 3 it was applied at a point 
I cm. oif the center. 

phragm B and diaphragm i. The first line in the table corresponds 
to the set of observations given in Fig. 4. where there was no load 
attached to the center of the diaphragm, the diameter Z„, of the 
motional-impedance circle was 81.25 ohms, the resonant frec^uency 
/,3 was 958—, the damping coefficient A, 245 hyperbolic radians per 
second, the force constant A. 5.49 megadynes per absampere. the 
ecpiivalent mass in, 0.757 gm.. the frictional or mechanical resist- 
ance r, 371 dynes per kinc, the clastic constant s'. 25.75 megadynes 
per cm. At the frequency of 1.013 — , the angle was 46 20', 
and at 958 — , was inferred to be 36' 38'. 

The successive series of observations 2. 4, and 5 were obtained 
by attaching increasing loads to the diaphragm, so as to lower the 

" The detaihs of this receiver are given in the paper of bibliography No. lO. 
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resonant fre<juency In the case of te>t Xo. the load. ;i small 
cojiper disk, about i cm. in duimeter, wtis iiiteniiun.dh' placed on 
the diaphragm excentrically, /. ,• , ;u a ih>t;ince of i cm. otY center. 
It will he seen from the ttihle that U' the rcMinaiu ireiinenc\ /„ wa' 
lowereil, and with it the magnitude of /!,' wa' cnii'iderahlv re- 
duced but 13 / was. it anvthino;. slightlv increa>ed. 1 lie 'Um dF -- 

between f.,~ 6 So-~ and — ha-; increa'wl from about 

72' to 83' : while /I " has increa.'cd from 20' to 37 . 

The inference to be drawn from thi.~ serie? of tC'’.' i' ih.at 8 " 
and i 3 y are, in general, unequal. 'I'he angle ,d," increase' with the 
frequency, but is apparently more nearly con>rant. A rea'on 
which suggests itself for this relation i' that the last" 83 ‘- between flux 
and current, is due not onl_\' to hysteresis but abii to the wldy cur- 
rents of skin effect. Owing to hysteresis ami 'kin et'fect in the 
steel cores of the telephone electromagnet, the re^ulttmt flux lags 
behind the exciting current to an extent B-f which depends upon the 
impressed frequency and may rise theoretically to 45' at relatively 
high frequencies, owing to skin effect alone. In the case of 
however, this is a lag between vibrational velocity of the diaidtragm 
and the C.E.iM.F. thereby produced. An oscillatory chan.ge in 
length of air-gap may set up hysteretic and eddy-current retardation 
in the flux oscillation thereby generated, but the skin effect should 
perhaps be less than when the flux oscillation is generated from an 
external magnetizing coil. 

In order to ascertain the effect of an increased air-gap on the 
angles / 3 i' and ring washers of pasteboard, of successively in- 
creasing thickness, were inserted under the diaphragm, between it 
and the clamping surface of the receiver. Starting with a clearance 
between poles and diaphragm, of 0.32 mm. this was increased up to 
about I mm. with the results as shown in the following table, the 
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load attached to the center of the diaphragm being 0.73 gm. in each 
case. 

It appears from this table that the increase in air-gap greatly 
dimini.'hed the force-factor A and the amplitude of \ibration. which 
is proportional to the diameter D of the impedance circle. Ihe 
equivalent mass and the clastic cfnistant are both increased. It 
appears that /i has undergone but little change; whereas /J," has 
distinctlv increased. 

The inference to be drawn from Table I. and Table II. col- 
lectively. i? that /Id jeems to be nearly constant for a given receiver : 
but that /?," is atlected both by the air-gap length and the impressed 
frequency. Thus there seems to be no close connection between 
and ( 3 /. In the first live cases of Table I., ami in all the cases of 
Table 11 . . the angle exceeds : but this is not necessarily true 
in all cases. In test 6 of Table I., /i " is considerably less than I 3 -". 
This case refers to another receiver aiul diaphragm. In the par- 
ticular instrument investigated by Kennelly and Pierce^ in 1912, 
the angles happened to be nearly equtd. 

A number of tests were made with a series of ditterent thick- 
nesses of diaphragm in one and the same receiver. The results 
showed that the angles and /Id were ditterent with different 
diaphragms : but the quantitative relations have not yet been ascer- 
tained. 

2. IXVESTIG.VTIOX OF ReEXTR.\XT .\XD DISTORTED CiRCLE Dl.VGR.VMS. 

The engineering research department of the Western Electric 
Co., when examining some motional-impedance diagrams in 1913. 
seem first to have discovered cases of distorted and reentrant 
circles. Such ca^e- presented themselves in the course of the i\I. 
I. T. researches in 1915. Distorted diagrams of this type appear 
in Figs. 5 to 9 and 11 to 17 of this paper. 

These distortexl circle diagrams presented themselves at first in 
a small percentage of the cases of telephone receivers tested in the 
i\I. I. T. researche-. \Mten fir^t encountered in these, thev were 
regtirded as curiosities of unknown origin, and were set a^ide. At 

^ Bibliograpliy, 7. 
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a later period, they were taken np for inve^tiyatinn, ^inee markeil 
abnornialiiies of such a type aiiversely attect the circle-iliaL;rani 
method of analyzing; telephone receivers. I'ur a limy time, the 



Fig. 3. Distorted Motional-Impedance Circle. Small Distortion. Rising on 

the right. 


cause of these abnormalities baffled enquiry ; but finally their origin 
was apparently brought to light, and it also became possible to pro- 
duce them artificially, at will. 
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I'ij;’. 4. alrea<ly referrod to in connection with the depro.'ion angles 
f-i" and fi". presents a smooth motional-inipeda.nce circle, all the 
observed points falling nicely upon its circumference. Xeverihe- 
IC'S, there is reason to believe that this circle contains a small inner 
loop distortion between the orii^in o ami the lowest indicated fre- 
quency of S57 Xo measurements were made in this case below 
<S57 ~ ; but it is probable that, had they been made, the distortion 
loop would have been too small to notice. The central amplitudes 
of vibration were also measured l)y tlie expdorer in the case of Fig. 
4. and from these the vibrational velocities .r of the diaphragm were 
computed. They lie closely to the inner circle indicated in the figure. 
This shows, moreover, as lias Iteen pointed out in earlier publica- 
tions, that the motional-impedtmce circle may be regarded as a 
velocity circle, taken to a suitable scale, disregarding the phase 
big 

When the diaphragm of the receiver B. considered in Fig. 4. was 
loaded at the center by a small copper washer, about i cm. in di- 
ameter and weighing 0.73 gm., a repetition of the test gave the dia- 
gram shown in Fig. 5. the analysis of which appears in Table I. 
This diagram shows two internal loops or abnormalities, one a little 
loop near , well defined however by numerous observations, 

and the other a larger loop near 789.5 ~. The latter proved to be 
a temporary visitor, and since it did not appear in subsequent tests, 
it may be left out of consideration here. It suffice^, therefore, to 
notice that the loop at 691 . q ~ had a length of about 2.5 ohnts, aitd 
occurs in the circle at an angular distance of about 30’ from o. the 
origin of the circle. The resonant fre<juency of the loaded dia- 
phragm as a whole was apparemlv 794.5 ~. 

Ihe load on the diaphragm was then increased to a total of 0,975 
gm. Ihis had the effect of bringing the resonant frequence down 
to 699.4 ~ ; or close to the fre(iuency at which the abnormality ^at 
691.9 ~ 1 had appeared. The re-tilt of the te-t under this condition 
is shown in big. 6. d he distortion loop is central at 697.2 and 
has a length of 42.5 ohms on the motional-impeilance scale. It 
is evident that when the diaphragm is brought ncarlv into reson- 
ance with the frecpiency of the distortion loop, the magnitude of the 
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loop is yrcath’ tiilargcil. Hv (lra\\iniL; ihc cncuiiiicreiu'c of tlie 
circle a> it woiiM aii])car in the ahscticc of <li'tortioii, anh markin^j 
off ihercoo the computed po-itioii' of the vanoii' ohserved fre- 



Fic. 6. Distorted Motional-Impedance Circle Distortion Xearly Central on 

Main Diameter. 


quencies, it was noticed that the chords, or vector differences, be- 
tween the distorted and undistorted points gave rise to an approxi- 
mate circular locu.s, when referred to the origin. This .showeil 
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that, at lea't to a hrst approximation, the distortion conbi>ted 
of a negative or absorption circle, of the ^aine general character as 
the main iinpetlance circle, but which is swept over much more 
rapidly. The com'-tants A', in', r' and M of this absorption circle 
were capable of being roughly detennined. 



Fig. 7. Distorted Impedance and Velocitc- Circles. Distortion Loop Setting 

m tlie Left. 


By still further increasing the. load on the diaphragm to i 3 
gm., and thus bringing its resonant frequency to 680 —. or below 
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the frequence of the distortion, the next te^t. indie. lud in l ii; 7, 
showed that the di-'tortinn loop, central at 704 liad ino\ed o\er 
to the left hand -ide of the dituneter (K-l. and h.id diinini-la-i i to 



Fig. 8, Doubly Distorted Mononal-Imiiedance Circle 


about 17 ohms. of departure CE, from the mtiin circle. 'I'he central 
amplitudes of the ditiphragm's vibration were attain measured in 
thi^ ca-e. and fri.un them the inner circle of vilirational velocitv 
0 ahed wa^ deduced. This aho shows the distortion at e. The cor- 
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responding ap[)roxiinate motional-inipcdance distortion circle is 
marked at OUF. at an angle lagging more than <>:)“ behind the 
diameter ()A. 

On reducing the diajthragm lotid to 1.2 gm., the distortion loop 
in Fig. 8 \v;is enlarged to 20.5 ohms at CJi ; ;ind the distortion at 
G07.5 ~ is brought slightly nearer to the bottom of the circle. The 
deduced distortion circle OGP. i> tilso brought to a kig of some- 
what more than behind the diameter OA. Incidentally a small 
new and transient distortion tqipears at II. 



Fii ij. Ainiilitude Measurer 


Summing up the ilisclosures of the ktst few figure.', it tippears 
that one and the same distortional disturbance in a diaphragm, resi- 
dent near 700 by suitably dimini'hing the resi.niant freqttencv of 
the tliaphragm in 'Ucce"ivc stejis. was made to appear, first as a 
small loop near the origin on the right-hand side, then as a greatlv 
magtiihed loop near the diameter, ami finally passing olf as a small 
loop near the origin on the left-hand side. The deviations from the 
mtiin circle are only a['proximately represented by absorption circles, 
iMoreover, the angle LX>F. Fig. 7, is approximately equal to the 
angle COA. 




Fig. 10. 


It was noticed, after a time, that whenever the distortion near 
700 — manifested itself, the amplitude measurer of Fig. 9 was 
mounted on the receiver. This particular form of amplitude meas- 
urer was described in an earlier publication. This led to the sus- 
picion that the clamping screws in the brass frame F might be re- 
sponsible for these distortions of the impedance circle. On actual 
trial, the removal of the amplitude measurer and its clamping frame 
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from the receiver, removed the distortion from the impedance circle. 
It thus became evident that the application of clamping pressure to 
the composition cap of the telephone receiver, warped it slightly, and 



Fig. II. Amplitudes of Vibration around Imperfectly Clamped Diaphragm. 


interfered with the uniformity of boundary vibration around the 
clamping circle. This also indicated the importance of employing 
metallic clamping rings around the cap, or otherwise ensuring that 


^ Bibliography. Kcnnelly and Affel, Fig. lO. 
FROC. .\MF.R. run., soc., voi.. i v, .w, jriY lo, 1916. 
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the claiiipiiit;' of the diaphragm is nnchanyed when the amplitude 
measurer is applied. 

In order to investigate the matter further, the diaphragm /> of 
the receiver was mounted in the vihratinii cxjdurer I'lg. lo, de- 
scribed in a itreceding paper.*" It m;iv be .-een that the diaphrtigm 
is here supported under a chimping ring, which i' tntached to the 
main frame bv four machine screws. Two of the'C 'Crews, dia- 
metrically opposite ctich other, were removed, le.iving the diaphragm 
clamped tightly under opposite ])oints only, thus siniulating the 
effects of the clamps of the amplitude explorer in Tig, o. d he 
diaphragm had a central load of o.itpy gin.. an<l the same receiver B 
was screwed into the explorer to actuate it. Tb.e impres-ed fre- 
quency was maintained at 584—. and with an alterntuing-current 
strength of 2.26 milliamperes rms. The amplitude of vibration 
under these conditions was measured at various angular positions 
15° apart, at uniform radial distances, 1.03 cm. fnan the center, the 
clamping-ring diameter being 5.24 cm. The results obttiined are 
shown geometrically in Fig. ii. Here the axis of the tightly 
clamped bouitdary is horizontal, and the axis of the loosely clamped 
boundary wdiere the screws were removed, is vertictil. It will be 
observed that the average amplitude in the latter axis is about 9 
microns ; while in the former it is about 7.6 microns ; so that the 
mean amplitude along the loosely clamped diameter is some 18 per 
cent, more than that along the tightly clamped diameter, with inter- 
mediate values in intermediate directions. This indicates the im- 
portance of securing uniformly tight clamping around the boundary 
of a telephone diaphragm. 

The motional-impedance diagram for this case is shown in Fig. 
12. Xo localized distortion loop is visible: but there is a general 
shrinking of impedance, and therefore of diaphragm velocitv. over 
a considerable range of the diagram ( 550 —■ to 618 ~ ) . Xo distor- 
tion loop was obtained at any time in the vibration-explorer tests, 
as though no definite absorption frequencv was brought'about ; but 
there was a fairly proportional degree of absorption over a wide 
range of impressed frequency. 

Bibliography Xo. 9. Kennt-lly and Taylor. 
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The inference from the preceding ronlt;. was that a distortion 
loop was due to the presence of luctil and loosely clamped thaphragin 
boLindarv aretis, having a natural frequency independent of the main 



diaphragm, and having constant^ r. and of their own. The 
local areas received their vibrational energy from the main dia- 
phragm. Accoriling to thi" view, it wouUl only be necessary to 
attach a local vibrational system, with its own r. ui. and to a prop- 
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erlv clamped diaphragm, in order to siimihue the localized distur- 
tional behavior of an irregularly clamped diajihragni. 

\\'ith this object in view, a --mall piece of bent hard citpper >trip 
was fastened bv sealing wax to the center of the diaphragm, as 
shown in Fig. 13. The weight of thi^ '[ndng wa.- o f> gm. in all, 
of which the free portion weighed only o.J gm. The free period 




Fig 13. Plan and Longitudinal Section of the Test Receiver with Secondary 
Vibrational Sestem -Attached to Center of Diaphragm. 

of this Spring, when mounted on the diaphragm, was adju.sted, by 
trial, to approximately 750 which is nearly the same as the 
diaphragm thus loaded. Fig. 14 shows the motional-impedance 
diagram of receiver B with the diaphragm and its siiring load. It 
will be observerl that between 660 — and 866 the diagram forms 
a large reentrant loop, and the actual amplitude, at 753 —, is only 
about 4 per cent, of the inferred undistorted diameter OA. It is 
evident that, in this case, the form of the diagram is completely 
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changed, there being now two maxinnnn motional-impedances, one 
near 676—, and the other netir 840—. Xearly midway between 
them ( 75,1 ~ ), the motional iinitedance almost vtinishe-- ;it OB. 
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Fig. 14. Distiirted lilotional-Iinpedance Diagram. Large Di.-:tortion Loop. 


The amplitudes of vibration of the diaphragm, as deduced from 
the motional-impedance diagram of Fig, 14, are shown in Fig. 14 
with amplitude ordinates, and abscissas in imjiressed frequency. It 
will be seen th;ii the timplitude almost vanii,hes at 7^^ ~, which is 
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approximately the iiatunil freiiueiicy of the loaileil diaphragm ob- 
tained from the undi^^orted circle OC.ID of Fiij. 14. The curve of 
Fig. 15 has two sharp resonance peaks, whereas the inferred am- 
plitude curve of the di:L])liragm, without ahnormtility, ha<, as usu;d, 
onlv one, ABCDIi. It wa> noticed iluring the le^t reprc'ented in 



Fig. 14, that the receiver gave practically no sound at 753 — : but 
gave loud sounds tor frequencies slightly removed on either side 
of this. This peculiar projjerty of a spring-loaded diaphragm to be 
silent at a certain selected frequency, but to sound loudlv at a small 
departure therefrom on either side, may have practical applications. 

The natural frequency of the spring load was then altered to 
about 913 — leaving the natural frequency of the diaphragm at 
71- a little below its p)receding value. The effect of this change 
on the motional-impedance diagram is shown in Fig. 16. Here 
the distortion loop is reduced in diameter nearly one half, and is 
located much nearer to the origin on the left-hand side of the im- 
pedance circle. 

By lowering slightly the natural frequency of the diapdiragm to 
about 698^, leaving the natural frequency of the spring load un- 
altered, the distortion loop in Fig. 17 is brought still nearer to the 
origin 0 , and its dimensions further diminished. 
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\\ hen two imlejjendenilv clanipeil telephone diaphragms were 
mounted, one below the other, in parallel planes, the upper sup- 
jtorted in the vibration explorer, the lower in the receiver B, and 



l-iG, 10, Distorted Impedance Circle, Spnipa Load out of Tune with 

Diaplirasm. 

both connected rigidly, between their centers, bv an aluminum bar 
6 cm, long, and 2 inm, 2 mm, in section, the whole svstem gave 
an undistorted motional-impedance circle, corresponding to the nat- 
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ural frequency aiu! other constants ot the composite sinqle svstein. 
The inference seems therefore tc) he wa.rranted. thtit ;inv vibnitorv 



ffesistance -20 -10 o /« io jo 40 so go 

Fig 17, Di-torted Impedance Circle. Spring Load Further out of Tune 

with Diaphragm. 


system including diaphragms properly clamped around their edges : 
but so connected as to possess only a single free period, will be 
unable to produce a distorted motional-impedance circle. 
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TORSIOX-rEXDL'LUM ]Moi>r.L FOR IlI.USTR \TIXG ^MoTIOXAL 
\’elocitv Piiexomex.\. 

A psychological obsiacle to the use of the motional-velocity 
circle conception', in their abstract quality, and remoteness from 
concrete apprehension. Thus, in the case of the telephone receiver, 
its motional-velocity circle is obtained through the medium of the 
motional-impedance circle, as determined from electrical measure- 







Fig. iS. Multiple CoupleJ Torsion Pendulum IModel. 


ments. It is therefore a great advantage to be able to construct a 
motional-velocity circle from direct observations on a simple dvnam- 
ical model. 

A useful and verv simple dvnamical model for illustrating the 
conditions of diaphragm vibration and the resulting motional-im- 
pedance circle has been designed and constructed as indicated in 
Fig. i8. It consists of a hollow brass cylinder /v„ which, in the 
particular model used, has a mass of 1.200 gm., a radius of gvration 
of 2.48 cm., and a moment of inertia of 7,470 gm.-cm.-. This is 
suspended by a brass wire of diameter 0.76 mm., of a length ad- 
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instable, by means of a clanij)ing' ^cre\v :e. between lo aiiil 40 cm., 
with a corresponding^ oscillation fre<|uencv rancje of oO to 0.3—. 
The logtirithmic decrement beint^ very sintdl. it oscilkites tiliout the 
suspension-wire axis with but little diniiniitiun of amplitude for 
several minutes. In the model used, the time cousttmt. or the time 
ot fall to I cth amplitude, is 216 -econd'. This driving cylinder 
takes the place of the A.L'. genertitor in the c;ise of the telephone. 
The smaller solid brass cylinder K h:is a m:iss ef joS gm. and ;i 
moment of inertia of S.4 gni.-cni.-. it is .suspended from the driv- 
ing cylinder by a smaller wire of co[)per, htiving a length usually 
kept constant at 23 cm., and of 0.13 mm. ditimeter. This driven 
cylinder correspi.inds to the telephotte di'aphragm. :md perf(jrms 
oscillations of the period inijiressetl on it by K.,. The driving cyl- 
inder K.j is so much larger than the driven cylinder A.’,, that the 
reactioit of the hitter is in'igniticatit. With A’,, and A'j iti ticiion, 
all the dynamictd iihenonicnti of the telephone ditiphragin and its 
velocity circle can be observed, the fre^ueticx- impressed by K.. being 
adjusted by successive steps through a cotisiderable range, bv shorten- 
ing up the main suspetisi' 'ti wire A„. As the impressed frequcncv 
overtakes and passes the natural frei[uency of A',, with its suspen- 
sion Lj, the phenomena in the vicithty of resonance are reproduced. 
The A’l .'ysteni htis it- in. r. atid j, in suljstantially the same manner 
a^ the oscillographic systems described in Appendix I. 

Technique of Model . — In operating the model, the evlinder A’„ 
is first set by hand in torsional oscillation about the su^pension-wire 
axis, with the lowest frequency of longest suspension A,,, and with 
as little side swing as possible. The initial angular amplitude of K„ 
may be made 90' or more. After a few oscillations, the coupled 
pendulum system settles down to a substanliallv steadv state, the 
Oscillations of A\ having the same frequency as those of K„. The 
oscillations are allowed to subside naturally under the damping con- 
stant (A — 0.00462 hyps, per second) until a convenient standard 
amplitude is reached, as is indicated by a pointer F„. upon a sttitablv 
supported angular scale S... When this happens, the eye of the 
observer at O can observe also the angular amplitude of A', as well 
as the angular phase-difference of the two elongations at and 
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I\S^. The decay of amplitude is so slow, that these conditions re- 
peat themselves very closely for several oscillaticjns above and below 
the standard amplitude of 7 v„ ; so that the observations can be re- 
peated at several successi\e oscillations for an average. 

The oscillation frequency of A'„ is then increased in small suc- 
cessive steps, by sluirtening up the suspension L,., and the above men- 
tioned observations are rej)cate(l at each step. The amplitude of 
oscillation of A', increases rajudly as resonance is approached. In 
the model use<l, the resonant sharjuiess A is 25J. but this can be 
controlled at will, by applying any motional resistance to A'^ which 
is substantially proporiiontd to the velocity. Fig. iS gives the an- 
gular-.amplitude and angular-velocity circles for the model. It is 
seen ih:it the semicircular r;mge of resonant frepuenev. as computed 
from the circle diagram, is between 0.361)2 ~ at o. ;md 0.3707 — ' 
at CO. Fur impressed frequencies below this range, the oscillation 
of A'j comes nearly into cophase with A'„. On the other hand, at 
impressed frequencies tibove thi^ range, the amj>litude of A\ comes 
nearly into opposite phase with A'„. At resonance, the oscillation of 
A'l is in quadrature with the amplitude of A',.; or the angular veloc- 
ity of A'l will be in cophase UA with the vector tor>ional force or 
vibromotive force iX'M.F. 1 e.xerted by the wire on K.. This 
\ .iM.F. is proportional to the angular displacement between the ends 
of Lj. aiul the observations obtained must be corrected to constant 
maximum cyclic V.iM.F. 

A student working with the model in the above described man- 
ner, can acquire a concrete conceinion of a motional-velocitv circle, 
based upon direct observations of oscillations executed so leisurelv 
that they are easily observed directly by the eve. without the u-e of 
reflecting mirrors or of electrical apparatus. iMoreover the oscil- 
lations are sufficiently large to be perceived directlv bv a large class. 
\\ hen A , oscdlates in air. the motional resistance r seems to increase 
somewhat with the amplitude. When A*, was allowed to oscillate 
in water, the motional resistance was found to be more nearly 
constant. 

When it is desired to study the phenomena of td.isorpiion. a sec- 
ondary torsion pendviltim LJ\., is attached to A\. It is then con- 
venient to adjust the natural frequency of the secondtirv pendulum 
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K. into approximate coiticiiiencc with tliat "i A... L nder tho'C 
condition?, the phenomena of ttlworption. at or near re'n!iance. can 
be reatlilv observed. It has been jio-^^ible ni thi- in, inner to check 
the causes and e"enti;il characteri,'tie> of teleplione-diaphraem al>- 
sorption. 

AbSOKBIXO LxFLUItXeE OF THE Am fraTFl F- MF,\.-rRl,lv o.\ I Hi: 

Y'lin-IATIOX OF A DiaI'HR \1..\1 

It was observed in the course of the preceding tv't?. in which 
the amplitude measurer was succes^ively on anil ott the recei\er. 
that the application of tlie device, apart from the warpintr etiect of 
its clamps, slightly diminished the dituneter of the impedance circle. 
In one ca'C, this ditimeter. without the explorer, w.is loo.d) ohms, 
and with the exjilorer 94.5. all other condition^ remtiinintr un- 
changed. In other words, the application of the amphtude meas- 
urer reduced the vibraticiiial velocity and vibrational amplitude about 
8 per cent., without appreciably affecting the other cou'tants of 
the instrument. This shows that when precision is needed, the 
motional-impedance circle should be taketi with the amjjlitude metis- 
urer both on and off successively. The dift'erence between the two 
motional-impedance diameters will indicate what correction should 
be applied to the measured amplitudes. 

In conclusion, the authors desire to express their acknowledg- 
ments to Professor C. A. Adams and IMr. A. A. Prior, for their 
collaboration in the analysis of an oscillograph : also to Dr. G. -T. 
Campbell for valuable criticisms and suggestions on the IMSS. 

.APPEXDIX I. 

Outline Theory of the Bifil.ar Oscillograph and Duddell 

\'’lBR.\TION G.ALVANOMETER.” 

It is assumed that the apparatus consists of a bihlar vertical sus- 
pension. of adjustable ten.>ion, part of which suspension vibrates in 
a fairly uniform magnetic field. The two vertical wire? of the 

This theory is substantially the same as that developed in the Kennelly 
and Affel paper (Bibliography, 10), with respect to vibrating diaphragms, 
replacing translatore- forces by corresponding couples. 
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suspension carry the testing' current, and are connected niechanically 
bv a snitdl mirror, -which optically serves to indicate the angular dis- 
placement of the bitdar system at the mirror. It is further a."Umed 
that the restoring tonjue s6 dyne-])erpendicular-C!U..’- proportional 
to the angular tli-placement ft ra.dians ; that the resisting torque dis- 
siptiting the energ\- of luotiim is rft, or is jiropcirtional to the angular 
velocity ft radians j.er second: also that the inertia torque, resisting 
change of angular displacement, is ijift. where is the e([uiyalent 
moment of inertia of the system at the mirror, and h is the angular 
acceleration in radian.^ per sec.-. The iiuprcs-ed <lisplacing torque, 
or vibroiuotive torque ( \ .M.l. ). is assumed to be siniph' harmonic 
of the type 

/ = = f.-l, dyne perp. cm. Z , fi'l 

where i is the comple.x instantaneous current passing through the 
suspension, vith maximum cyclic value absamperes. A is the 
tonpie constant of the instrument, in dyne perp. cm. per ab.'ampere. 
j =\‘ — I, oj= the impressed angular velocity, and t is the time in 
seconds from the moment when the real component of i starts posi- 
tivelv through zero towards its ma.ximum cyclic value. The real 
component of (i) is the instantaneous torque. Ihe equation of 
motion is 

Ill 'S — rft — sft -- /, dyne perp. cm. Z . (if 


whence, in the steatly state, i. c.. neglecting the exponentially decay- 
ing transient term, 


d = - — 
r+j 


( 


f 

s 

— — 
CO 


) 



radians 


sec. 


Z. 


l.i) 


Here c is the mechanical impedance of the vibratory system. In the 
ordinary bifilar oscillograph, none of the four constants A, in, r and 
s is supposed to change, except through accidental changes of tem- 
perature. In a vibration galvanometer, however, the tuning of the 
vibratory system imposes changes in the impedance z. and in its 

In a toniue ■r, dyne-perp -cm . the force /, dynC' i-i as.-;umed to act 
perpendicularly to the radius arm i cm. at whicli it is applied. A torque is 
therefore not properly cxpressihle as dyne-cm., hiit as dyne perpendicular 
cm. : or dyne 1 cm. 
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component', opiccitilly in the el;t^tic con-tant .t. 
From 3, me have 


d = . = ■ radian' Z >4 ' 

The instantanenu; ]■'. iNI.F. fivercnminif the counter of vibra- 

tion is 


= .10 



alA'olt' J , 


where Z is the tnotional-inipcdancc of the instrument, 
Fl'ence, at resonance. 


and 


Ae„ = i„,z„ 


aln'olts, (61 


I,nZ,n _ Lr.Zri dcmc pcrp. Cm, 
' altsampere 


where /„ is the nia.xinium cyclic value of tlie current in absaniperc.s. 
Z„, is the maximum motional-impedance — which is rcactanceless, or 
a simple resistance — and B,„ the observed maximum cyclic resonant 
angular displacement, in radians. The rC'Onant impressed angular 
velocity at which this occurs is denoted by o,, radians per secotid, 
.\tw = o„ (4) becomes 

A I 

9 m = — radians, 18) 
w,-,r 

whence 


Aim 

9rtt^0 


dyne perp, cm, 
radian per second 


(9) 


From the motional-impedance circle of the instrument, as plotted 
from observations of impeflance at different impressed frequencic', 
the decrement per second A. or the hyperbolic angular velocity of 
decay in amplitude, may be obtained, by taking half the difference 
between impmc'^cd angular velocities mj, ca at the quadrantal points 
in the circle ; or 


r 0)2 — coi 
2 m 2 


7r(«2 — Hib hyps, per sec,, (lo) 
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where and ;/. are the corresponding- impressed fre<|uencies : whence 


r r 

II! = = , gm.-cm.-. Ill) 

2 A COo — CCi 

At these quadrantal frequencies, the defieciion ainplitinles will he 
very nearly \ 2 radians. Finally, by observing the angular 
velocity <.)„ of resonance, when 0 ,„ becomes a maximum, we obtain 


whence 


o-’ij = \ — . ra lians sec., ( 12 1 

' 111 


s = wcc.j-. 


d\ ne perp. cm. 
radian 


A.4) 


Consequently, all four constants . 1 , in. r and s' can be found for any 
assigned adjustment of the vibration galvanometer, bv measuring 
( a I its motional-impedance Z,,, in a Rayleigh bridge, to a measured 
alternating current /„, maximum cyclic absamperes. (hi noting the 
deflection $,n in radians, at resonance, on either side of the scale zero. 
{c) the resonant angular velocity w,, and id\ the impressed fre- 
quencies at the quadrantal points 11,. ii, cycles per second. 

Two additional checks on the above results can be obtained, if 
desired, (i) by passing a small mea.'tired continuous current ab- 
samperes from a storage cell and measuring the steadv deflection 
produced. If 0 ,, is the corresponding steady deflection obtained, in 
radians : then 


whence 


sds = Is--i- dyne perp. cm., (14) 



dyne perp. cm. 
radian 


(15) 


It should be noted, however, that the value of j. obtained in this 
continuous-current test, is found to differ slightly from that found 
bv A.C. measurements. The latter are to be preferred when avail- 
able. ( 2 ) By disturbing the vibratorv- system, and allowing it to 
oscillate freely to rest, according to the formula. 


Ot 


numeric, ii()i 



tcincf’ 
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where 6r is the oscillo^rapliieally recorileJ aini'liiuile, at a lime t 
secoinl? after release, i\heii the initial amplitude i^ radiaio. 



Odsee. ations 


Freq 

Resist, 

React, 

Defl. 

rv 

C'h'Ti 

oh”! 

fod 

980 

156.3 

8.S5 

0.0052 

397 

15 6.6 

9.33 

0.00S7 

594 

1 5 7.0 

I2.3S 

0.01 57 

1000 

1 7 0.0 

3.4 0 

0.061 1 

1007 

15 3.0 

2.-53 

0.0209 

10 lo 

156,7 

5.48 

0.0105 

1020 

1 5 6.3 

6.44 

0.0044 


Calcularions 

CwrenE Mat T,7S Iv’h:S'J"'p 

Max. Vib. VeRci I'M, 383 ruJ 'sec 
Log Decrement A ZS.3 hup^ sec 

p<r seco'id ' ' 

A, Tort^ue Consh, ZSO^ 
m, Moment of Inertia. 

1,006 10 ^ cjrri - 


r, R’esistance Const", ^ neLa 

Mo;< Resonance Impedance, l3.Sohrns 5,6?7*IO"'’ 

Max Resonance p€flection,0,06ll rod. 5 Elastic Const 
Current Strength, 5. 5 -i 0 “'*cimpere 5 v»^s 337 5 ' di^ne ± cm 

Quadrantal Points at 936 A/£jnci ((703/^ * 

Natural preguency, | 06 O. 5 /v. 


Duddell- Vibration GaiL-vanometer 
Fig. 19 , Motional-Impedance, VelociU* and Deflectional Circles. 


Fig. 19 shows two circular graphs starting from the common 
origin O, for the Duddell galvanometer used, as tuned to iooo~. 
The circle OARB is the motional-impedance circle at impressed 
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fre(iuciicic5 i ubUiiiiLil from a Weeland oscillator and Ravleigh 
bridge I. between ij8o ~ and 1.020 It will be observed that the 
inaxinuim inipedance of tlie in'trument Z,,., at resonance, was the 
diametral la-'i'-tatice ( 'K - 13.X ohms, or 13.8 A'. 10^ absohms. The 
R.M.S. current ,'trengih in the in.-triiment wa^ 0.35 milliampere 
- 3.3 A, 10 absampere. The maximum cyclic current /,„ was thus 

7.78 ''Mo '' ab'anipere. At the imprc.'?ed resonant freciuenev of 
1.000.3 angular velocit} would be o, 6.286 rad. sec. Sub- 

stituting in 171 

^ _ 7 - 7 !^ X U)-^ X 13-8 X 10' _ 107.4 X 10^ 

6.286 X lu' X 0.61 1 X iiX' ~ 3.83 X 10- 

dvne perp. cm. 

= 2S04 -- ‘ .. ^ 

absampere 

1 he lower circle in log. 10, <J(.i and b 'hows the magnitudes of 
the deflections, each side of the settle zero in radiatis of arc. The 
maximum observed deflection at Or = 0.0611 radian, was obtained, 
within the limits of experimental error, ,it the <ame frequenev as 
the maximum resistance OR of the motiontd-impedance circle. Sub- 
stituting the value of A ju-t found in ( <;) we obtain 

_ 2.So_4_X 10'^ X 7-78 X io~" 

~ 0.61 1 X 10“^ X 6.286 X lo' 


The ma.ximum cyclic displacing torque was by ( i ) 

7.78 \ to ■' ■ 2.804 X lo’- = 0.2182 dyne perp. cm. 

The quadrantal points B and A on the motional-impedance circle 
are at tiy6 ~ and 1.003 ~. making the damping constant A = 3.142 X 
9 =-8.3: so that the oscillations of the instrument would naturallv 
fall to I eth, or to 36.8 per cent, of the initial amplitude, in a time 
constant of i 28.3 = 0.0333 second. Substituting this value of A in 
(III. we obtain 

5 -607 X io~’ _ .. dvnes 

= — = 1 .00(1 X 10 ■' gm.-cm.-; or 

56.6 ' rad. per sec.’ ' 

PROC. .CMER. PHIL. SOC., \ OL LV. Bl., II L\ lO, I916. v 


21.82 X io“- 
3.83 X 10- 

= 5-697 X Id 


_,dyne perp. cm. 
rad. per sec. 
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Finally from ( 131, we ol)tain 

_ (1\ III- iH-rp. ein. 

i' = I.OOt) X U) X 

r.iihan 

The reason for niakiny the liianieier ( df iIk- iKthetidii eiayh 
las: bO" hchiinl the diaii'.eter ( > R of thi. inipeihmce crele. and the 
diameter OR’ of the vek'city circle, i.- th.at accordiny to 141. the 
phtise of ;m\ di^Jllacen!ent H i' '/J' helmiil the corre'ponclins \ilocit\ 
0. Strictly >])e;ikiny, while the velocity yraph i' a circle; the de- 
flection strtiph is only a]>proxini:itcIy a circle, 'ince in (4-, the vari- 
able w tippetii-' directly as :i t.actor in the deuomina.tor idle anyn'.ar 
velocity of maximum <leflcction <•>.. i- nc>t the same a- th.e re-onan: 
anpuilar velocity o.,, hut 

ra(iian> 

u'.t = Ncc,,- — sA-. . 17 

se'C 

while the angular velocity of free osciIl;iiion> <■>.. in the pre-ence of 
damping, lies between w./ and o,, ; ntmicly 

radiaii' 

w, = 'No.y,' — A-. > IS 

-ec. 

In this case, taking o„ = 6.2S6.0, w, = 6,iS0.o6 tind w; = rt.jSh 1 3 : 
or the damping is .'O small, and the resonance is so sharp, that the 
difference between these three important and characteri'tic tingular 
velocities is very small. 

A\'e may define the sliarf'iicss of resonance, or sliarpjiess of tHiinu/ 
(inverted in relation to the re'Onant and quadrantal angular 

velocities o>,„ 01.^ and w, by the formula’" 



COf, _ 

2 A n-2 — Hi' 


numeric, !iq) 


which in this case is 6,286 56.6=111.1. a relatively high figure of 
merit in regard to tuning.” The reciprocal of A mav perhaps be 

Su.egested by Dr. R, L. Jone-. Bibliography Xo. 8 The expression 
“sharpness of tuning” has also been suggestcfi In- Barton ( bibhographv, 4) 
with a different quantitative meaning. 

In the case of a certain experimental monopolar telephone receiver, 
tested by Kennelly and Pierce (bibliography, 7), the sharpness of resonance 
was found to be 161.2. the highest experimental value in electromagnetic appa- 
ratus yet observed in thes# researches. 
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called the I’luntiU'ss <>f r(rsiiiuiiu\\ in thi" ca-c ((.OoG >; lO d he 
'cniicircular roiiijr of n'sonancc m;iv be- expressed in aipmikir velocity 
nieaMire. a.s the ranye (jf tinttular veli)city — o,, betw een qiKulr.'inttil 
points, or JA, in thi- ca'c yfi.G niduiii' ]>er 'ccond. 1 he 'ante ran<;e 
iiKiv be expre"-ed abo in !re(l^e*nc^ nie-;i'iire bv )i . — n . or the dif- 
ference of frequencie-' at qnadr;int;d ]H>inl^ —A r. in thi^ ca^e q — . 
All frequencies l-lut^ide of tliC'C qiitidranlal pejints may be rej^arded 
;i' outside the 'enii-circul;ir rantre of tuniii”-. At the frequencies 
of thc'C quadrantal j'Otnt-. ii . u . the resonant b'.netic enertrs' niani- 
fc'tly ftill- t(.i one h:df. 

Keferrinyr to the (fated curve .UlCPIi. Fit;. 15. of the undis- 
torted tiinpliii'de of the diaphratrin’' vibnition, the onliiKites Bb :tnd 
Pd iiulicaie the amplitude' boundint; the rc'OiKtnt rany^e. The ex- 
pres'ions deiinins; tlie-e ordintne' .r. ;ind .r. are: 

■Vi I I!., .V; I , 

““ = • — and — = — = ■ — , numeric. 1 lOa ' 

.\ii \2 III a., -^2 

These ordinates are 635 and 6.0 microns, respectivelv, in Fig. 15. 
The resonant range is jjS — 73J ---4G — . and the resonant sharpness 
is thu' 753 5 46=164, It is thus pos'ible to determine the sharp- 
ness and the range of resonance irom ;t curve of amjdituJe agtiinst 
trciiuency. :is well as from a circle iliagrani ■'■f velocitv or of im- 
pedance. 

The sharpness of resonance may abo l)e defined by the acoustic 
intervtd or numerical ratio c between tlie ([uadrantal frequencies. 

a- ■ )!• 

(' = -- = — , numeric. (20) 

cc 1 I! 1 

In thi- ctisc c'= I. OCX I. W'c also have 

CO 1 1 Ct' ' — 

— = — ' = \r, numeric. (211 

Cl' 1 lC ,t 

Ibis criterion c is connected with the resonant sharpness A bv the 
relation 

\r 

A = . numeric. 1221 

( — I 

.since any ptiir of frctiuencie', lying on the velocity circle, at eipial 
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;uit;lL‘> (jii ! iji|i(_)Sitc ^ulc^ u! iho n.'iin;iiu ilianii-lLr, have li’.e ro'iii.mt 
frequcncv a,-- their gcnnictrii; mean. 1 he aenU'tie erueri n c’ i'. 
however, in _L;‘ciieral. le.-s -ati-'faeii ir_\ than the re'Dn.ani 'lai'iiiie--- 
\ ; beetiu-e the greater the re.'nnaiit .-liarime'^ the ereati.r heenme.-- 
Y hut the smaller become-; c. 

h'roni an exa.mination uf I’itf. lo. it i^ evident that, .at re'onance. 
the phase uf the deflection or an”iflar di-placenietu oi th.e nsirrur w 
just 90“ behind the pha>e of the an”iilar velocity, airl o! the ce.rrent 
in the in.-trunient. If C^R re])re.-;ents the current pha.-e : then, tit 
re-onance, <Jr is the phti>e of the mirror'- mti.xinmm elono.itti ju .\t 
imjtre-sed frequencies below 980—. the pha-e of di'p'..ieainent in 
the deflection graph is tilinost e.xtictly coincalent with that of the 
current. (.)n the other hatid. at itnpre.s-ed frequencie- tibove 
i.O’O-— , the phase of displacement is tilmu-i e.xtictlv (.ippo.-ite to, or 
180'’ removed from, that of the current. 

An attempt was made to tiscertain how the con-tant- . 1 . ir. r tmd 
i of the Dtiddell instrumetit varied with ditl’erent tuning tin 1 length.- 
of free suspien-ion. It was found, however, that owing to -ome 
friction in the suspen-ion pulley, the tension of the two wi-e- diil not 
equalize sufficientlv to prevent the api»earance of ptirtitd unitilar 
characteristics, which vitiated the results. Such departure- from 
pure bifilarity would not, however, affect the above mentioned phase 
relations between displacement and current, 

A similar set of measurements may be ap[>lied to an oscillograph. 
The normal alternating-current strength required to operate the 
oscillograph may, however, be greater than can conveniently be sup- 
plied through a Rayleigh bridge, as used for testing telephone; or 
vibration galvanometers. In that case, a convenient technique is to 
supply a measured R.M.S. current from a \'reeland oscillator to 
the o.-cillograph vibrator, and observe the amplitude of the mirror’s 
deflection therebv produced, on each side of the zero, reducing the 
.-ante to radian measure from the geometry of the optical system. 
The angular velocity w„ radians per second, necessary for ma.xinium 
resonance, has to be carefully observed, and at the same time the 
maximum resonant mirror deflection O,,. radians, Thi- gives equa- 
tion,- (8) and (12) The frequency is then graduallv changed until 
the deflection is reduced in the ratio i '\'2, the change being made 
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I'lrst by rai'iny; the freijuency slightly above resonance, and then 
lotvering it. Thc'e measured angular velocities cj. and oi. cor- 
res])ond to the quadrantal jioints on the motional-impedance circle, 
and .supple A h\' lornuila t lOi. Innally. the ctiittintious-ctn i ent 
-Strength. L abampe’e-. neces'a.ry to produce a steady mirror de- 
flection rtulians, is measured a- in (14). These four equations 
sufflce to evaluate . 1 . )ii. r and s' lor the instrument. An oscillo- 
graphic natural d,eca\' curve, corresponding to (161. ma.y tiho be 
taken a- a check (.m the re-ult'. 

The following are the re-ults of a series of observations made 
on an experhnental bitilar oscilleigrajjh' ' with two strips, each of 
active length 3 5 cm. in a nuignetic held of ajiproximtitely 16 kilo- 
gau'se', 1 he strijis were of jihosphor bronze. 0.3Gb mm. wide t^i 5 
mils', and 0.013 t't'e'k 10.5 mill, each under a tension of ap- 
proximatelv 30 gm. weight, sjiaced 1.5 mm. on centers, and having 
a mirror fastened to ;ind across them, tibout i mm, 0.5 mm., near 
the middle of their active length. The vibrator was air damped, 
i. c.. it did not work in oil. 

.4=3.750 dt ne perp. cm. ]>er abampere. 

= 2. 530. 5 ~ 1. 5<i \ io‘ radians sec.. 

;)i = 1.322 \ io“'' ,gm.-cm.-, 

r — 2.~8y 10 " dyne perp. cm. per radian per sec., 

S'-— -3.360 dyne jicrp. cm. per railian, 

;;_, = 2.547 ~, 1^=2.514—. 

A= 103.7 Pt-r sec.. 

'L — "1 = 33 '• 

6. /; = 1.115 radians per abampere. 

/„ =0.002 absamjierc. 

Z,, - 5.075 X 10" absohms =5.075 ohms. 

By plotting the deduced angular velocities 0 at dift'erent impressed 
frequencies close to resonance, a fairly good circular locus was ob- 
tained. rite diagram is the same as that of Tig. 10. except as to the 
-scales of magnitude and numerietd values. 


1' Biljliii.eraiiny ii. 
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APPEXDIX II 

ClPTLiXE TiiruKV OF riii: Ai;FOki’'i mx Diagram, 

The following provisional iheory wa^ arrivcl at hy -ea.rching 
for a quantitatit’e expression tha.t wouhl 'ati'fx' the inipwlance ilia- 
grams when di^tortion w:i' ])resent It hears a elo'e analogy to the 
theory of alternating-current ctnipleil circuit' in the 'leaih' .'tale. 

The ei[uaiion for the ordinary niotioiial-iinpedance circle, con- 
sidered as representing a vihnition velocity circle, and neglecting the 
depression angles 13," and 13 " i?’-'’ 

AI F F 

x„, = — = — = ina.v. tw-clic kine~ Z . ' 

where 

F — AI — the maxiniuni cyclic WM.F. to standard phase, dynes Z . 
A = force constant of the receiver, dynes absanipere. 

/ = maximum cyclic current strength, absamperes, 
r = mechanical resistance of diaphragm, dynes kine. 
m — equivalent mass of diaphragm, gm.. 

elastic constant of diaphragm, dynes 'em., 
g; = mechanical impedance, dynes kine Z. 

01 — 277)1^ impressed angular velocity, radians sec., 

(o„ = resonant angular velocity, radians sec., 
n = impressed frequency, cycles sec., 

«,, = resonant frequency, cycles sec., 

; = I, 

.r„, = mechanical displacement amplitude of diaphragm, 

max. cyclic cm. Z , 

Xm = vibrational velocity of diaphragm, max. cy. kines Z . 

W hen the vibrating diaphragm supplies motional power to a 
dependent vibrational system, having its own natural frequenev 
and therefore its own mechanical constants t;., r, and j,. the de- 
pendent or secondary system will exert a max. cvclic counter vibro- 
motive force (C.V.IM.F.) — on the driving force F: so that the 
resulting equation of motion becomes 
1*' Bibliography, g. 
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F-fi 

x„ = = .V„, — .Vo. 


kincs Z , 1 24) 


where .r„ is the max. cyclic velocity of the diaphragm in the presence 
of absorption. The C.\’.i\I.F. f. is proportional to the velocity .r,,. 
to the mechanical resistance r, of the dependent system, and to the 
relative pha=e of .iv and >\. as dchncd by the cianplex ratio Cj. 
That is. 

\ ZL 

I = .v„ — - . max cy. dynes Z . (25) 

The secondary C.X’.iM F. F will therefore he out of phase with the 
velocity .r.j of the diaphragm, except at the frequency 11 . of second- 
are resonance, when 2, r.: and 



/le = .Vjfo. max cy. dynes Z . (26) 

Substituting (’25 i in 124). we obtain 


whence 



max cy. kines Z , (27) 



F 




max cy. kines Z . (28) 


The effect, therefore, of the dependent system having a secondare 
resonant frequency is to add a new absorption Impedance 


to the primary impedance 2. 

Solving ( 24 ) for .r, the absorption or secondary velocity we obtain 


■v-t 



max cy. kines Z . 


[29) 


From an examination of it is evident if the primary and 

secondary frc(|uencies arc tuned to coincide, ;. c., if n„. = n^, then 
at this frequency. s:.=r., and 2 = r, so that 




F 

r r>' 


max cy. kines Z. (30') 


In this case, the velocity, in the presence of distortion, is in phase 



/o ('/ / (/ 
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with the nii}irc"C(l tCrcL' ;U thw ilnu'ily n '( iiiaiil : l)i!t i' 

Ic'' than it would he ni the ah'eiK'e nl thi’ mOi ''-U ’... r', -!w.i, in the 
ratio ;■ ir — r i. A!orio\eT. ;il .o! I'tlar t ’a-i /o.i re' . P i ri-neeiL; 



Fie,, ao. Computed Distorted \'t4ocity Circle. 


velocity .r„ is k\ss than the normal velocity, d'he -econdarv velucitv 
■iy is greatest at the doubly-rc'onant frequency, and falls ott rapidlv 
as this frequency is departed from on cither side. 

Fig. 20 gives the comimted grajihs for a particular case, where 
ABCDH is the normal-velocity circle .r,„, in heavv line, and abedh 
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1)1 .r. i? ihc (li'-turtcd vclociiN irruph; al-o ii'b'c'J'li' oi .i\ i' tlie ab- 
'iirjitinn wlociiv _L;rajjli. reckoned negatively. At :niy in'.;)re"ed 
anyn’ar vel cit\'. 'Uch a-; 4.450 rtidiaii' |ier >econd. the nndi'-torted 
or jirnnarN velocuv .r \\onld be (t/1 cm. tier "ec.. leauiiiLt the iin- 
Pix~~ed \ b\- the ailLtle /.'(»/> '1 he ob>er\e<l velocux .r,.. in 

the jiia -ence of di'-tortion. i' ( hi: wlnle the vector (iitlLrence between 
tile .Vr :ind x. . or Ihl. i-- eijUtd to .r_ — t >J’ nr ' hi’ rexer-cd. 

It will be ob~erved that the jtraj.h c)f .ty. ibi-'c'h' i. only tqipruxi- 
i;t;.ti,!\ a circk. It n;.i\ be reitarikd. in th.e h.ydit of (2oi, to the 
yrtijih of ;i vector frtiction of a ntot'onrd circle. 

It 'hittiid ;iko be noted from ( jS ■ th.at when the jiriniarv and 
.'CConikirv re'ontint t rci|iienc!e' ditter. the rc'tilltint ve:ocit\ .i' will 
not come into pha-e with the \'.M 1' :tt eith.er re^ontmce freiinency. 
blit will trace a di'-vinnn inctil looji '1 he ;ib'or]>t!on velocity er:;])h 
li'a'c'/;' will be likewi'e di"). in.mctr'c.al 

Fit;'. 6 .'hoW' the ob-erved L;r;i]-h t h:’\-]i of inoiiontil ini|ied:ince. 
and therefiii'e of velocitv. with reference to an innire''ed force in 
the vector direction <> 1 .. The hctivv circle (KIBCH i' the inferred 
undi'-torted or |iriinary enijih. ti- dednccil from the .'eminent A(>H. 
The foliate qra.jih Dc.'h'c'h' i' the vector ihiYerence, or secondary 
graph of absorption. It will he observed tht.t e.xcept for a 'light 
difference in the primiirv ;md secondary rc'OnanT freijnencie'. the 
ca-e presented in thi' tc't agrees clo^elv with the geometrical rela- 
tion> indictited in Fig. 20. 

Referring to Figs. 7 :md 8, it will he oh'crved that the angle 
.-i(k is tippiaoxiniateh' eiiua! to the tingle i <.>!•. This means that, 
at Secondary resonance, the ah'orption veh citv Or lic' netirly as 
far in angle beyond the vector OC. of that frequency on the undis- 
torted circle, it' OC lic' front OA the mean diameter. I'ormula 
( 20 I givc' a retidy cexpltiiiation for this ; hecatise at secondtirv reso- 
nance 2. = r .. so that 



If. a,' in the cti'cs represented hv Figs. 7 aiid S, r, i' sniidl bv com- 
paneein with .r. thi' becomes approximatelv 



kinc' Z . 
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L)!' the \'cctor .r . f*l'. o irun: iIr' \ccl'>i' ( X h\ a 

ijha-e c(|ual to tlK an^lc of the jirinuirt nn.pcilaiii.-c , 7 . winch i- 

it.'clf the a!i"le' .l(>i . In other woril-, the factor r_ i' a coinple.x 
(|uant!t\' who-e aroitnient i' the nee.'itne ot that of 7 • >\\ inct t' ■ the 

prc'cnce of )\ in. the ilenonr’iiator ot 1^1 .. thu. anunlar ile\:,ition m 
front .V, will he tilutiv.-' ><.>nie\\ h;it Ic" than tin. an.ctle .l<K o' 
7,' .'o thiit the vector CL jitiralle! to l-i> of 'eco!iila.!-\ re'onancc, 
ahvav' intersect' the iliaiiieter (LI at ;i ponit ;i little nea'er to the 
oriifin than the center of the main itnpeilance circle. 

The theorv aXo exj)lani~ why ;i di'tortion Fop. tvh.en the 'cc- 
ondary freiiuency ia much helow the primarv freiitiencw \er\ 
small, and near to the origin oti the riydit : al-o. a' the re-on. mt ire- 
quencies are made to ap]>roach. the loo[> enlarge-, ftilling ne;irer to 
the main diameter, and tintilly. as the re.-onant freqnencie- pit-- each 
other and ag-ain diverge, the loop shrinks in -ize. :ind pa-'e- ott 
toward.s the origin on the left. In (Jon if .-econdary resonance 
occurs much above or below primary resonance, the loop dtic to thi- 
re.'Onaitce will appear remote from the diametrical point .-I. r_, again 
reduces to r. and 



since i.- then certainly small by comparisrin with 7. this is approxi- 
mate to 7- : or varies inversely as the square of the impedance 
modulus. On the other hand, as the pritnary and secondary reso- 
nance^ approach. 7 approaches r, and finally attains a maximum 
possible value at Or_, rfr-j-r,'). If r., = pr, this becomes 

This .-^how- that in order to have a secondary ahsorjition velncitv 
nearly equal to the primary velocity, it is necessary to have the two 
resonant frequencies n„ and nearly coincident, and p large bv 
comparison with unity: or the secondary resistance large bv com- 
parison with the primary resistance. In such a case, if the two 
frequencies do not quite coincide, there will be nearly zero velocitv 
and amplitude near to the secondary frequency and a maximum 
velocity on each side of this, as in Figs. 14 and 15. 



\ !1!R ATIXG TELEPHONE DIAPHRAGMS 


457 


Sr.M M AKY. 

1. I'hc iUjirY''i()n angles ji" and B" <ii the diameter uf ;i tele- 
phone receiver^ iriutiunal-ini])edance circle arc not clo-ely connected, 
;tn<l tire differently tiffected bv im]ire''ed fre<iiiency. In ^onle c;l^ei 
/ij" \va< fniind to he the t;re:ner, tind in others Bj“. Increase in fre- 
(juency increased /i,". Neither an^le was mtirkcillv tiffected bv 
chanyw's in air-^ap. The relaiuni' between /I," and B " niav be con- 
veniently studieil by means of I-i'-ajoiis figures. 

2. Both the vibrtition «al vanonieter, and the oscillograjih, have a 
molional-inijiedance circle, tind ;i Corresjiondinyr tiseftil series of mo- 
tional constant', . 1 . ni, r and y. I'ests were made on well-known 
types of these instruments, tind their theorv is outlined in -Appen- 
dix I. 

3- I he motional-impedance circle of a telephone receiver may 
sometimes reveal a tlistortion. ticcumpanied bv an absorption and a 
suppression of power. Ihe distortion is ordinarily a reentrant loop. 
It may also be a general shrinking of velocity, over a considerable 
range of frequency, accompanying a flattening of the impedance 
circle. 

4- A distortion in the form of a reentrant loop is attributable to 
the existence of a secondary or deiiendent vibratorv system, having 
its own motional constants and resonant frequenev. The invading 
loop may in particular cases be so large as almost to bring the mo- 
tional impedance to zero near the mtiin diameter. In such a case, 
there will be two frequencies of markedlv large amplitude, one on 
each side of the frequency of greatest alnorption. 

5- A distortion in the form of a general flattening of the imped- 
ance circle might be accounted for by the existence of sccondarv vi- 
bration in a dependent attached system, not having a definite natural 
frequenev. 

6. Ihe dissymmetrical clamping of an amplitude measurer to the 
cap of a telephone receiver may introduce such deformation of the 
clamping circle as will give rise to a reentrant loop or loops. Care 
should thercfoie be taken to avoid introducing dissymmetrical 
stresses when aiiplying such an instrument to a receiver. 

7. dependent motional system, consistin,g of a short strip spring 
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fa>tenoil to the center of ;i telc-'ltone ilie.pltr.ittni. .nel tunril n.ee.tiy 
liltC) Celtic* iiiance therewithi. tt-i\e r’^e to a Liitte 'Xtn.t.O't lo.c* 

S, A jcroxoional hut ;H'iM!\nt'-\ '.lO'tacto' t tluor'. o; luoo ih-- 
torticm i' y-^’eti in Apin'idix 11. 

(i. -\n e.xjieriniental form of coti|iU''l n.n’;:] ''.o jn. inlnni i-- he- 
'Criheil. which atTcjr'K a vi-ii;tl mani li. 't.if.oa ,0 thi- c'-cntc.! I’he- 
lajitK'titi of the inotiontil-iii'pei lance circle, an.d o' i;- loop hwtor'.to:!.- 
10. ^ileaii' are ilc^criln.ii for tipplpint: a coraactio-i tor tlte a.h- 
'firptiian due tit the u-e of tin ampluu ic tnea-uia r, \'. h.eu dicteninni- 
iny the niotiotial co:w:ant< r tmd of tthpl’otu lacittcr. 

R'liLK h;r \rHV. 

I IM I I.o;aioi!< M.’mo'-i. 'if rKf.i'R < lot-, -.a .\!. -wo ’m ■ •.' Xh’ ra- 

toiri.'. .Vi’.r.ui..' di. Cciinic i.t Cc 1 .w . ;> 1(7 1. 1 n'-.p- 

-? Ra.tic'.e!’ There of Soa-d. \'oI 1. a 147. M.ai-idhi” 1 o. r''c,4 
3 CamaliA! Or tia Mea';;ri.nKr;r of .M-auia'. h.diKt.i' Ci ' i> tee .\o; ^ f 
a oration < lah aiajmete r i'i:i ;■ 404. .M:-.;- 14. I1/07 

4. E H Barton Te\t-Ho"k of Sound, ji 140 M.ieiu 'l.ci Co, lonS 

5 3 V Eud.d.edl Difilar Xhoratiou r,jl\ a-euneter I'i.i'. .o'..’.;. ]iii ifiA-iye, 

Jul.v. iei.'«,j. Elcctriciat!, 03. p;i. ocfr-roj, Jul.v ,to. ii,i»', 

6 Frank W'enner. Tlieoretical and Expertmeitta! Surly ..f tl’e \'iIir3tion 

Galvanometer Bull Bur. uf Stand . \'..d,. h. Xo. 3. (i. 347, I'eh . Ii.iio 

7. A. E Kcnnelly and ( i. \V Pierce. Tlte Impedance of Te'.eiilior.e Rcceiverf 

a? Affected by the Motion of th.eir Diaiihrayms. Proc. -\.in .-\cad, of 

.\rt> and Sciences. \'uL XL\TII , Xo 6. Se[)t . lyia; also /f/cc.'ncii/ 
H’orld. X. Y.. Sept 14. 1912: also British .\ssoc ArW. Sc Rejiort Dun- 
dee mectina'. ioi4 

8, R L JonC' Simple \'ibra.tory Systems and their Impe-ilar.ce Analysis. 

Western Electric Co En.y. Dept. Report. Sept 44, 1914 

9 .3 E. Kennedy and H. O. Taylor. E.x[)lorations o\er tlie C'lbratinsi Sur- 

faces of Telephonic Diaphraapns under Simple Impressed Tones 
Proc. -Am. Philos. Soc.. Vol. LIV., .April 42. 1915. 

10 -A E Kcnnelly and H. -A. .Affel. The Meclianics of Telephone-Rece’iver 

Diaphra,i4ms. as Derived from their Motioiiai-Iiniiedance Circle-' Proc 
-Am. -Acad, of -Arts and Sciences, \'ol LI , X'o 8 , X'ov , 1015 
II. H G Crane and C, L, Dawes Con.striiction of a Lectiire’-Roeim O'CilIn- 
gra[)h Electrical World, p. 424, Vol. 67, Februare 10, loio. 

List of Sv.mboi.s E-mi-uimh 

Torfiiie constant of a vibration .yalvannmeter or O'cdloeiraph 
( dyne-perp.-cin. per absampere ) . .M.'o force coii'tant of a 

telephone receiver (dynes per ab-amiiere). 

.Acoustic interval between f|iiadranta! fror|UcncK-' iiuinuric). 
Damping: constant, a hyperliolic anyular velocity (luii radians 
tier sec. ) . 
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lii'-taiUaiKous cmi. opp.i-ite an<l equal to Lcnii •>! niuii.ui 
( ah'. < )Il' ^ ) . 
r.:i-'C (if Napierian !• 

IiwtauiaiU'iUiN \ ’IT. 'iiiwtr. e force or torque (ihuc"' (jt Ui>i:e- 
perp.-cin. i . 

1-orcc cnicru'.e into a tonpie 

Maxiiniiin c>clic vibromotue force t»r lortiUe. (il\ne.'>» or 
1 (1\ ne-pcrp.-cin 1 

Maximum cyclic c.'Unicr \' M.F of al>>urption (tlynes /-). 
Anuular (ktK-cti*>u tU \’]irator mirror (^adlan^ 

M axitiium angular ik-lEcliuii at reMjnai’.cc ( rad-.an - 1 

li.ilail a:n;ihui(k- nf ai’^u’.ar >kriL-cta>!i at niuniLiU ut rclea-c* 

( I ,iil:ai:; I . 

Sti.ai!y ar.aular iktii-cl;ui! prctUiccd Ijy a cuiuir.uuus current 
( radians I . 

.\inijhtude of angular detiection at t.ine r after release (ra- 
diaii' I. 

Coniplex instaittaneous angular \el'jcity (raihan^ sec -Lj 
Complex instantaneous aiieular ..ccele-ration ( radiaii' sCC.-Z). 
A continuous current .'trenutn i absainperes i . 

Maximum cyclic current in tile ribrator (absamperes i . 
Complex instantaneous current strength ( absamperes 

Length of radius arm on which a tor<iut- acts (cm ). 

Moment of inertia of cibrating system igm.-cmX). Also 
mass of linear ribratioii system i gm i. 

Mass of a secondary linear vihrat-on system (gm. l. 

Impressed frequency (cycles per Sec. i, 

Rc'cinant frequency (cycles per sec, i 

Erequeiicy at earlier (luadrantal point in motional circle (cy- 
cles per sec.). 

Frequency at later (iiiaiirantal point in motional circle (cycles 
per sec. I. 

Ratio of secondary to main mechanical resistance i numeric). 

Torque of resistance to angular velocity ( dyne-perp -cm ra- 
dian per sec > ALo resistance to vibrational niotTm of a 
diaphragm (dynes kinei. 

Resistance of secondary or dependent system to motion 
(dynes kine' 

Torque of angular displacement ( dyne-perp -cm radian'. 

Also elastic con-tant e>f linear vibration system (dynes cm ). 
Elastic constant of secondary linear vibration system 
(dynes cm.). 

Elapsed time ( secs L 
Torque (dy nc-perp.-cm.). 

Resonant sharpness, or sharpness of tuning (numeric). 
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pcdance to diapliraciin cclocitc idy.rx' k'l.i _i 
Mechanical miped.ar.ce of -icoiidarv i.y. • c' k : e _ i 

Change of primarc mechanical miinCyii ci d.iu lo pn-iiec of 
tl'.c absorpiiuii or >ccoi’.dary ~_\ ^tc!^ (.!_\:u- k;i:c 
Angular yelocity of impre'.'cd friiiueiicc i r.id an- per 'ic i 
Angular velocity of re-onai ce ( rad.iai'.' per 'ic i 
Angular velocity of earlier uuadrantal pomt uii m.ot.oi.a! circle 
( radians per sec ) . 

Angular velocity of later ciuadrantal point on motional circle 
( radians per sec. i. 

Impressed angular velocity producing inaximuni an.eular de- • 
flection (radians per sec i. 

Angular velocity of free oscillation i radIan^ per ecc 'l 
X’early equal to. 

Prefix indicating a C.G.S. magnetic unit 
I cm. /'sec. 

\’ibromotive force. 

Indication of a complex unit. 
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By martin E. REIIFL'SS. MD 
(A'l'iirf .l/'ril I I'jiO ) 

The human ga.'tric secretion has heen the subject of persistent 
studv ever --ince it \v:is retihzeil th;it there was apparently .'ccreted a 
tree mineral ticid in the stomach. Not only has this fact, the presence 
of a true acid secretion. t;iven rise t(.i endless discussion, but the 
mechanism of .yuistric di.trc'tion has heen attacked from every angle. 
'I'he x-r:iy ;ind C'pecitdl}' the fluoroscopc has thrown much light on 
gastric movements but has left us hojiclcssly in the dtirk as ti.i the 
intimate chemistry and the respective physico-chemical changes which 
occur while the kaleidoscojiic chau.ge' in form are recorded. It has 
until very recently been practically impossible to investisjate either 
normal or pathological digestion satisftictorily in man. The funda- 
mental principles were laitl down by the painstaking work on fistulas 
on animals by the I’avlut' schotil and a host of investigators who 
recorded many observations in man by means of the old stomach 
tube. With the excejition of a few fistula cases such as the historic 
instance of -Vle.xis St. Martin and the occasional case of gastric 
fistula consetiuent to an acquired stenosis of the esophagus there are 
no Ci'iordinated observations on normal digestion in man. This was 
owing to the lack of a method by which it was possible to follow 
every jihase of gastric digestion. In spite of the kick of a method, 
the Use of the bulky and whollv undesirable stomach tube was fol- 
lowed and many observations were made. 

In the fall of 1013, while studying the work of Ha\en, I en- 
deavored to finil a tube which could be introduced into the stomach 
and left in jtlace. The original tube was a modifictuion of the Ein- 
horn tube, but it was neither 'ufficientlv heavy nor of sufficient 
calibre for this purpose. I then devised a special tip olivtiry in tvpe 
and of such a form as to be easily swallowed and of sufficient weight 
to seek the bottom of the stomach, or the most dependtint portion of 
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ihc greater curvature of the' .-ti 'luach l>y graviiv. A miniher of tipi 
were made, but fiiKillv one wa-; found which wa> the mu-i ^ati'- 
factorv — and it was slotted in -uch a way that tile diameter of the 
slot' reprC'ented the niaxinutnt bore of the rubber tubing. This in 
turn was ghiss moldeil in order that it gate ri'c to no irritation 
while in situ. This tube wa' swallowed in the natural wav: it gii'e' 
ri'e to practically no irrit:ition and 1 wU' ;iblo to 'atisfv mvself b\- 
rtidio'copic examination thtil it reache' the loxeer part of the 'tomach. 
Another important feature was the fact that thi- tube could lie left 
in phice for hours with practically no discomfort and that it con- 
stituted prtictictdly a "via ouvert ” or a direct communication to the 
stomtich at all times so that the jirogrc's of digestion could be ac- 
curately followed and the extuninatioti of the maieriid removed faith- 
fully recorded. For the first time it w;i' po-sible to follow' ever\' 
step in the chemical evolution of uigC'tion and ;it the Jefferson 
ftledictil College, under the supervisioti of Dr. Hawk ami with the 
collaboration of Drs. Bergeim, Fowler. Spencer, Clarke and others, 
we began an extensive survey of normal atid jiathological digestion. 

Before discussing the important findings regarding gastric digC'- 
tion. the first salient feature which became apparent was the im- 
possibility of interpreting the findings of a single examination oi the 
stomach as determined by the old method. In a communication to 
the Journal of the American Medical Association. \'ol. LXIV., pp. 
567-573 — I made the following statement which has been since con- 
firmed by other workers (Carroll. Pollock, Talbot) : 

1. It is impossible to interpret the figures obtained by the ex- 
amination of the test meal removed in one hour time by the usual 
technic. 

2. The one hour period represents but one phase in the con- 
stantly changing cycle of gastric digestion. 

3. It is absolutely impossible to judge from the old method what 
has preceded or what will follow this point. 

W’e were able to show for instance that normal figures at the one 
hour point may be preceded or followed by entirely different phe- 
nomena in the brief course of to or 15 minutes and that for an 
accurate analysis of the phenomena, it is C'sential that we make an 
examination at every interval during digestion. Thi' method of 
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examination. I have called the “ fractional examination or determi- 
nation of tjastric digestion," because it consists in removing at in- 
tervals a fractional portion of the actively changing gastric contents 
for examination. From the material which is renr ived by aspira- 
tion, bv newer methods a congdete chemical, bacteriological and cyto- 
logical examination may be made and curves constructed represent- 
iitg the progress of gastric digestion. 

By means of this tube, the tirst impiirtant observation which we 
made was the nature of the material found in the empty stomach. 
It has been generally considered that this material should not exceed 
20 c.c. in health. \\’e found in a study of over too normal medical 
students, that the quantity of material in the empty stomach prac- 
tically always exceeded this point and in the above series, the average 
was 52.14 c.c.. more than twice the quantity formerly considered 
normal. We found furthermore that this material was in most in- 
stances a physiologically active secretion capable of inducing gastric 
digestion and giving as average figure for the above series a total 
acidity of 29.9 in terms of X 10 Xa( 3 H necessary to neutralize 100 
c.c. of secretion ( phenolphthalein ) and 18.5 free acidity ('Sahl 
method). Pepsin determination in 53 cases gave an average of 
(2. 81. We were further able to demonstrate by means of a special 
method devised in our laboratories the presence of trypsin almost 
constantly in the residuum, which was shown to be inversely propor- 
tional to the free acidity. 

In other words we fountl at whatever time we examined the 
stomach regardless of the presence or absence of food a physio- 
logically active secretion in the stomach. If as was performed on 
several occasion-, we removed the complete residuum and then with- 
out introtlucing food in the ^tomach examined the organ somewhat 
later, a physiologically active secretion could be removed even though 
in digestive power it was lower than the material seen during the 
dige.-tive periods. In health therefore it is correct to assume that 
there is always a minimal secretion in the stomach which at regular 
intervals undergoes perturbations due to the influence of hunger, 
psychic influences of sight, taste, and smell of food, and finally the 
complex digestive cycle following the introduction of food into the 
stomach. 

PROC. .CMFR. PHIL, SOC., VOL. IV, CC, JCl.V lO, I916. 
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We found tliir- ■■ re'idiunii ” c: iln- inn:,'- iru.c di ilie 

liy-hteA fluid^ in the hody with an a\uMee -neen. e un-.'-n;. o: i (xiyn 
and an average cr^■n'Cl ipie index i n' — - 1 ' 4 ,“' ‘ ^ 

the index uf lilnod — oyFt) ~eLri' in ind'e:;:- a 'n'l..!'', •, ,,i' 
lU' nialenal to lake place frimi the Mnnci intn the hinun lU the 
stomach. \\ e found hile in ahn.i e^i > iik na' ini. i.'e".. • i .u,.. a . 
thi' phenonicnon ni:iy he present nr ah'eiit ni tin n > "i. ’dn..i 
without an\' .-'Uhjective jihenoniena \\ hat'ncx i r 

\\ e then made tin inve.'iiitation I '! n'.aut , ~nia'..Lch 

of the normal healthy su’nject ami u-ed, f. r that nir'i "-i .:iir, na.it 
extracts, tea, toa-t and since that tune many .lOom tni..!- 

stults concerning which we .-hall h;i\e ittnrc to -.i\ m t;\ :ninre in 
a convincing series of experiments rn uttter u w.i- u’ " ein..ti..} e\i- 
dent that water is a strong gastric -tiinuhmt ;.ndi uh.iK v ” la true 
that the bulk of the liquid leaves the -tonuicli m tha ' r-t twenty 
minutes along the "rinne" of the les-cr curvtiture. v e fomiil that 
water either cold or warm i- a -trong ga-tric -timulnr.. wtldhig tin 
aciditv in certtiin instance- of over loo m le— ihtm twwtty nmuites. 
In the normal individual on many occasions water jircnluced fully as 
great stimulation as an Kwald meal of loti-t and leti -o th.at it became 
a serious question as to whether or not the -tiirultatve etfeci of tin 
Ewald meal was not due to its water content, hut the dry toti-t in- 
duced a very definite characteristic secretion. 

In our studies we were unable to denion-trato two e-'ential pi.iinis 
which have previously been considered as helungmg to the ] phe- 
nomena of dige.stion. It was impossible to denipjn-irtae tin_\^ '' latent 
period’' for the human gastric glands, as F’avlov denionstrtited in 
animals and secondly — it was impossible to demon-trtite any gltimln- 
lar fatigue which Foster and Lambert attempted to point out. In 
the water series despite any possible dilution of the water introduce'! 
we obtained figures of from 50-1AO 10.18-0,44 per cent. My'l 1 with 
an average of 77 (0,28 HCl) considerably over ih;ii ijrihutirilv con- 
sidered normal for man. It is probtible that the juice -eereled at the 
height of digestion is distinctly higher than that u=u;illy cnn-idereii 
and the contention of Lmber, Bickol, Soinmerfeld. ilorniicrg and 
others that the gastric juice of man is very -imikir ( 0.4-0. 5 per cent. I 
to the gastric juice of the cafand dog i,- true. 
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S(jinc time Dr. Hawk and I puldi'hed a pa.pcr on the direct 
evidence of the 'ecreiion of a gastric juice of con-^lant acid concentra- 
tion in the human .'ui)ject. W'e have l)een criticized for coii'idering 
the " (lipW'tive " jilateau whde food was in the stomach a-; evidence 
of thi.'. C)n the cuntrar_\ however — the evidence when there is no 
food in the .'toniacli namelv the ‘■jdateau" or " constant acid level" 
.'een in certain cti'e- tifier w.ater introduction, jire'timahly tifter all 
waiter h;is left the -tijinach or when th.e dilutintt action of waiter can 
he la 1 longer fell and :ip;nn the " con-ttint acid secretion " — freijuently 
seen after all fo<nl h:L> left the stomtich are the most powerful argu- 
ments for the 'ccretion of ;i coii'tant ticid grade. 

XoKM.xL Secri;tokv Curve. 

For the inve.'tigtition of gastric disturbances it becomes absolutely 
C'Sential thtit we have ;i >tandard. any deviation from wdiich con- 
stitutes :i pathological finding. Such an arbitrary and concrete 
staiukird is obviou-ly impossible because in every individual there is 
a characteristic functional output. It is possible to draw the limits 
of health for atiy group of individuals, but practically every group 
of bodily functiotis undergoes many variations owing to a multitude 
of variable factors in the course of the day. Under exact conditions 
the output is the same, but exact conditions are somewhat difficult to 
approximate. From a very large series of observations on normal 
healthy medical students, the following statements seem entirely 
justihable : 

( a ) Each individual has a characteristic gastric response. 

( h I Under identical conditions, physical and environmental, the 
tvpe and character of the gastric response to a certain stimulus is 
essentiallv the same. 

( (■ ) There are .-everal varieties of normal secretory response, 
normal in that they are found in individuals absolutely free from 
gastrointe'-tinal s^■mptoms and to all intents and purposes enjoying 
perfect health. 

W'e have tried various meals but for simplicity, availability and 
'hort gastric tran-it we have studied the Fwald meal 35 grams of 
toa-t and J40 c.c. of weak tea or water in an attempt to outline the 
nrjrmal gastric response. 
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\\c iDun.J tlkil liL'a’lllix n'C'liv\;I 'Ui'kiil' in ihc I'walil 

meal in (jiic uf three \\a\--: 

1 'I'lie " i'd'ecretdre " l>['c -linw^ ... li-e. h'e;!; ill 

terms iif teiub.-iii irnitil 'inhiim li'. ilroxi'l. («i, ii'iialh. --ii'Lame'! i' .r 
from half tin hiaur lo an hour, ami then ti 'tia! iheline with a 
ttiial lii'appeartinee ot tlie looil re'iilue- in from tw ■ to two aiii! one 
lialf hours. 

rite curve i' U'Utilly -tetuh aui! uiihroLeu; it> i;mh pohit is 
U'Utiily rounilcil ami not ahrupt anil m to he foiinil m iha niie'hhor- 
lioiul of one h.our. 

2 . 1 he " h} persecretory " IM'O 'hc.iw s ;i rapiil re'poime to -titnuli. 
often a mtirkeil change in the a.ciility even of tlie 'ie e-minute -ample?, 
rapid increase in aciility. hiifh point from 70 to kio or civer, either 
.'U?taincd or abrupt, and a ?luw decline ■ t none at :d! in th.e u-ual 
time. I he food left the stomach in normtd time from two to two 
and one h.alf honr.s, but even after the pa—tiym- of all f od material 
there was often encountered an otupourintt of iiure t^ti-tric iuiee for 
half an hour, one hour, or even -evend h air.-. This lindinuu which 
was obtained in many cases, is ao pronounced tind di-tinct that wc 
call it a "continued ditjestive secrefcai ' m contriidistinciion to 
"hypersecretion’ becau?e it occurs in normal .-c mptomlcss per-ons. 
This type we call the hypersecretory type hcctiuse of the general 
tendency of the acidit}- to a-sume exaggerate'! prsijiortions, 

The.-e represent but two of sneh curve- in which the tendencies 
described were pronounced and the "continued" .-ecretiun wa- quite 
prominent. Several cases in which the acidity apprntiched that seen 
m the isosecretory type likewise showed this phenomenon. 

3. The third or " hyposecretory " type i- .-imilar to the first hut 
there is usually a slower ascent, slower re-ponse to -timuli. and a high 
point from 40 to 50. Digestion is usually completed in two and one 
half hours. This is the type least fre([Uently encountered 

A consideration of the curves from the e.xtimination of normal 
persons indicate? that there is no normal curve which will hold for 
all cases. 

A distinction should be made of terms “secretory " refer? to the 
quantity of secretion, "acidity” to the quality or acid grade of the 
secretion. “ Hypersecretion ” means the individual who re-ponds to 
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cvcrv 'tiniiihi' with an abundant secretion. “ hyperacidity " whose 
re-'])i)n--e allhuunh po^^lhl_\ not exce^^ive i,-. .■'till of a hi”h acid grade. 
However it i.- found that those indivithial' with excessive quantity 
compared to a normal mean u-'Urdlv 'how al~o hv])cracid compared 
to a normal mean \\hich one nii”ht call the i-^oacid " figure. 

In other word- after studying the average collective response of 
all normal individual it become' ajpparent that while the motor func- 
tbpii in ]ierfect health, variv' witliin very narrow limits, the quantitv 
ami qualitv of the 'ecreiion has cou.'iderable variation'. There is a 
group I IV no nieaii' .'inall in which the .'Ccreiion i' very abundant, 
the acid figure high, and there m oftent present a pO't-digestive or 
confn.ueil secretion. Tlie>e jieople alway> react in thi' way while 
there i' a group 'liametrically i.pppeoeil \\hp:i >how :i rather tardive 
'ecri.tor\' re.'j oime. Hoth are ui'irmal ; both without 'ymptcms : both 
nui't lie coii'idered. in ih.e anal\ 'i' of any pathological case. 

t areful .-tudy ;i.' far a> I can ascerttiin seems to demonstrate that 
hvper.'ccretory iu'livid.ual' give hyi et'Ccretory respoit'Cs to all forms 
of ga'trie 'timuli. \\ hietlicr it be bread, bread and tea. meat, milk or 
a mixed meal — our " hyner'ccreiory " students give always an hyper- 
secreiorv -.■e'pon.'e — ;md our h_'. jiersecrctory normal type give as a 
rule with ant' fcirm of 'timiilu' a Imv or a so-called hyjtosecretory 
re'pc'n'e. In the many exj.erimeins nnmberi’ig ^everal thousand wc 
have l.'een able to preiiict alir.i 't tdwat'.' the tyiie of response which 
a certain individual would give after trying him out with a certain 
.'ubst.'.nce, ( >f ceiurse there a.re daily variation' and extreme fatigue 
as well as g.i.'iric almso will entirely chaiTge the gastric output as we 
have lieen able tis demon-irate. 

Those findings are extremely important liecau'e they mii.'t make 
us cautious in drawing unwarranted diagnostic conclusieins on the 
(Riantitv tui'i qtudiiy of the .'ecretinn. In over 40 per cent, of our 
cases, we found figures exceeding Cio total acidity and it is perfectly 
apptirent th.at the diagno'is of pathological hyporacielity for figures 
c.xceeding 60 must he eui'rely rewritten when it is evident that this 
occurs at sunie phase in the digestive cycle of many normal in- 
dividuals. 

Over 30 per cent, of normal e\i'e> develop an aeiditv in excess of 
70 or 0.25 per cent. IILT. .and the prohaliilities from our experi- 
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from 60-80 minute?, perhap,' Irnmer it thic p'}c!'.ic -thnulu' i' 
continued, 

ih) There i.? no latent period ^l^ Ttivlov indicated 
(t'l The amount of 'ceretion in the 'cric' tvithniii atr-'pne 
varied in 14 pure psychic cases from [05 c c. m -:74 c c. \\ith an 
average of 122 c.c. during the period. After the oral or hypodermic 
administration of atropine, which prC'Umtsldy cut> . lUt the ji'vchic 
responses, in 12 cases the qutmtity removed varied front i;.; c.c. 
to 64 C.C., with an average of 37.6 cc.. a ditterence of 854 c.c. on 
the average or in other words of 6p,2 per cent, i mr)*'e thtm two 
thirds I . 

id) There is evidence to believe that the chemical -ecref'nn i = 
intlucod at a very early period, and probably occur? well in the lirst 
hour. 

(c) In 12 out of 21 .strtiight experiments without atro-pine the 
acidity exceeded a total acid of 70 varying from 74 to 114 ; T .V. 
0.41 HCL with an average of 97.3 c.c. indicating in over one half 
the normal p-ychic responses give an acidity in excess of 70 while the 
average is equal to or above this point. This finding is supple- 
mented by the fact that in 14 out of the 21 case- the free acid ex- 
ceeded 50, the figure frequently given for normal total aciditv. 
These findings in themselves throw an entirelv different light on the 
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whulc '111111.01 (if iiriihi ill il;k',;! i^a'iric chcniislrv. In onlv two in- 
stanoc' mil hi u ainijinu- (.xjn-rinKiit' t'.id the totiil aciditv exceed 
70 I I'l.ti ii(.r cent. I aii'l tlie_\ were 711.5 ami 71.5 re'jiectiveh’. while 
in fi ‘Ur 111 ihii'c c.i'i,' i 55 iier cent. 1 the fiAe acid exceeded 50. In 
I idler wiird', il \\;i' ]Hi"ii.le in ikiiii ni'trate directlv a detinite redne- 
ti'iii I'lith in the (inamiiy and in the aci'lity of the p'vchic .'ecretion 
after the adniini'lralii iii hI ar'iijiine. 

( / 1 < >n a iiaihii]"L;ic,d cH'e 1 nicer 1 tve were aide to demonstrate 
a marked, increa'c in tile iiuaniilv nf the p-'vchic 'ecretion under the 
'ame circnm.'tanci ' well a' an increa.'cd velocity in the formation 
of the 'I celli 111 

\\ hill, the ch'c re'yi.n'c mav vary tntirkedly under certain 
circuni'iance', tile jihii'c wlncli we call chemical late in dise.stion 
and wh.ich we attriimte to 'ecretayi lyttc', horm.ities, the formation 
and ali'nriition of certain .ca'triii'. i' retnarkahly con'tant. 

Xnrnialh' ih.e factor of 'ufety i< verv g'feat in the stomach, 
l.ntt any proniiinced deviation from normtd whether due to excessive 
intt'e'tion of indiuc'iihle food, indnltretice in alcoholic liquors or to 
marked latiyfc of a.nv kind i' ttsttally followed by recognizable 
gastric di'turliances. .ann tig wliich are a tendency to excess of or 
Iicrsistent secretion and froqnently minima! food retention due to 
disturbed motility. 

coii'ideratioti of the foregoing facts enables us to construct a 
rational basis for the ititerpretatioti of iiaihological phenomena. In 
the hr't place it must be evident that normally the evacuation time 
is remarkablv constant. .Minonnally atiy variation can occur from 
a marked acceleration of the gastric contents seen in certain forms of 
achylia and in the accelerated peristalsis of certain forms of duodenal 
ulcer and duodenal irritation to the delayed evacuation only partial 
seen in certain form^ of atony to the protionticed delays sect! in the 
various forms of pyloric stenosis. 

From a secretorv standjioint. many things may occur. The 
evolution mav he entirelv abnortnal. The develnpmetit of the secre- 
tion mav be a.ccelerated or retarded, in reality delayed gastric 
digC'tion : or there may he at any phase in the gastric cycle the 
entrance of pronounced secretory perturbatiotis as hypersecretion or 
the elimination or secretion of a juice of high acid grade. The 
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r^JVc^^e. ili'turlialiCL,- jniinO.iiu in '.•I'HliK-a ii: arii'i’lN 'rcrc'.MTl arc 

found. 

While ill’..' i' Uiil llie JiLaX ’.II e,!,eu.~- ill. ..iX'le.ii nf uh'er ,iii 
cancer, ihc inrmer h,;' a ci 'U'l.-T. ’e’'.’..^ -.ii in.d.v.ix r;.'.''.ri'-' nlir - 
n.'iiieiia nf llie '|i,;'l'c line n’m.l!u’' v. ih c\''e"Ue 'icri-’.ein .nd 
increa'cd acidii\ , wh’k tlu- ; ^ 'i iice i ’’ 'hi ’.iiier h.,;, 
a.ial tendiCiic\ ml llie 'ecixiitri c.ui''*.ae t’ll.ci .iii uilnh'Ui.u tc' luii- 
iralizalion or laic fminali":; i,; th.i ~i,c:\Ui'-i d.iu -.i iiur-,,-,.'. ic'Cci 

F.i'ery variety nf cliauec hi llie cin e :i' c •.u ■ I'c;,-- frice 
(li'tiirhancc in ilic 'iuamii\ c.'.i'l ••w..'."- n-' the -ic-aia.n. n. ilu- ..d,- 
niixturc i d purcK {miIi ■!. 0 '.;u . , ^ C"-i-Riini; id 

hliii.ul. |)U' n.icieiaa winch are iiiiia i’’ X" e‘ 1 ;. cie "■ '’.a’ lU ceri i’’- 
con.dilii 111' a' well a' d-c' n"e ''t; e" • he -a , i '.mi r. ,a r- 

tain fiirni' of -la'’' A ixci 'Ciuiimi ilie .d o. ;e air! 

till ircuiyh luii icr'tan'linii i' e"e‘nl’. il to lia niicrpre lalioii of ihc 
]'>ailinlon-i'c,il rc.irrin'C' v. liich. occira 
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I'KL'.V K SrUOJJXC. AM.LLl' 

' / 'd . ' ' . V '• 

■■ Shakt ';ic;irc . . . -iciii- in iiK-." >;i> ^ Walt Whitinaii. ■' of a^rra’i 
'Ir-i cli'-'. oni'\'ly lit for feiKkili^ni. TIi' coiiinFuiion.', 
C'[KC!all\ to thi.- !!t(.r;iiiirc of the pa^Fin?, are immense, forever dear 
to hum.anin — ati'l lii- name i' a’.wa.x - to he reverenced in America. 
ISi’.t tht.re ■' ir.nch in Inni eve’’ otuii'ive to democracy. He i; not 
onlv tl'.e t.ad} of fend.di-i'.'. hnt T 'liouhi 'tiy Shakc'petire ie incar- 
n.aed, tmconioroini-itie fend;,il''ni in literature." 

\\ ith 'iich ;m a’a-.iii^nm.em in' Sht.kooeare'.v univerjality and Iti' 
e_\ ni] ‘atilt w itli 111' fellow men, let in con'ider the coininoii folk of 
IF' pki' - with a tdew to iF.'Cove- ib.e peel’' actual altilitile towards 
that I’umliler 'itition m hie into which he wa' himself indisputal.tly 
horn. For onr jiurpo'e we exc'iiilc ;dl persona£;\--> of rank, all hi.s 
char.acters i.f "'enile hirih. loyeiher with all th oe, whatever their 
vartintt deyi\e' of 'ertitinlc v.hi") w.iit upon royalty or form in any 

tvi-e a [it.rt or p.p'Cel of ih.e lionei^lxilip ,,f oreal folk. This oxcludiee 

« 

all 01 .'^Itake'peare'.' h.ero^' It will tdso exclude Shakespeare'^ 
feieil', freiin triF.iny T.aunce and the ile’.ectahlo F'este to the ^ad-eyed 
coinp.aniiin in follv of Kine Lear. .\nd even FaFttiff, who was 
se.nietiine ptiee to Sir Tlioira' IMowlir.ay and .i ttentleman, however 
unltiiiiled, nni't 'i.ind in hi' diynity without our houmF. 

Tltere remtiin for m. in our middle d.oniain, seme three or tour 
'Core pcr'onnye> who lia\e '] e, kinsy jeirts, of ;i diversity the Cipial 
of their hetter' and inferior', even although their actntil roles are. 
for the most part, 'tihordinate. t’onvenienlh to treat 'O many of 
tile undistinguished, we must oruu]) them, a process the more justiti- 
tihle tvhen we cun?ider that tlirm we can best ascertain, wdiat are 
retilly Shakespeare's ]ireiudices and wliether they are of chi'S or 
individual. 
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" Su! ; 'V.'," ;!'i, mi .lU .;;i7 vm 

" 1 . wl;'! r';u'l!, ' l''u 1 i-i.--.' i- c:iu'! i" 

!'.:i ir.’e’.il.;’. i l-x' ^ roe I'.x 7 k\;! n;ii nf r. 7 -x - i . .'i’.- 

wi !>hc-u~ In ihr WiMnnnn. Mr llnuh 1 \a-;- '■ 1 !x- M.r:,, 

W ivc' III \\ n'l'l-iir." w c :r.' -n in -•n.,;k. fra;;; -rl'.n 'Inxi'ii" 
I'llliL far r.\,,n' a; ■j'.;ri.i;il_\ }'i.'''n.rt; ;lu fi;:x" ,-i' uf ImiiI 

r.van- nil fun’ l!n\\i.\ar !k nan. li.ai -n.r.;; in n.'.i I;;- 'iirani 
rri n’cirnraiiln ncna>’.n:i, ni iircaki",u \n;ar. in’nn'A 'U 1 1 a.iiil --iinri! 
in trcin'ilinn han'l, while Iw awaiu-'l ihe ci niin'.; nf In- i,-rrih!e a.ii'.i.v- 
'Tiry. the I'rench hnctnr r a.iu-, iloeeivcl in ih.e incei'ni.; hke hini-elf. 
hy a jiarcel rif nicnrrinihle \v;in'. 

Shtike'iieare'' cnratc'. pa.r'i 'n' a.iiil reheinu; fnik aix many. < 'f 
the clu'' Ilf livan- are Sir .Xa.ihaniel. hi " I.nveh LahnurS I,n-t " ami 
Sir < hiver Martexi in " .\^ h'nu Like It " .''if Xathanie! X zanv tn 

the pi'inileri'iU' iiiliy of Mnlnferne-'. he who |ila\> the ri'ile of 
'■ .Vli'amler ■’ to tlie latter'- Juiki- ni ilie ininirirtal " o-te iitation, nr 
?hn\v, or jitiyeaiu. nr amiiiue laf the Xihe W'orthie- ” : wh.ile oiir ion 
m Sir hiliver lie- more in lii- deleetahle cnittinmeti “iMarte-xt" than 
in the very brief -eene< in which lie i- hrnntrht in to “ikopatch" 
Touch-tone and hi- .Xudiav into nttitriitionv under the ni'ee!nvi;>oil 
tree. I he .Xhake-peare.an friar X a more ini|>ort;int |ier'on;i,ee. from 
the plotline;, necroni.antic llotiie and Southwell in the -ec inl part of 
■■ llenry \ 1 " to Juliet’- Fnttr T.awrenco with ha- minor counterpart 
of minor function. L'rinr Frtinci.- in " Much .\do," and the Duke, 
di-puii-ed ;i.- -uch. in ” Mea-iire for hfea-ure." W hether a matter 
w holly referalile to hi^ -oiirce^ or not. Shake-peare conceived of the 
fritir Ilf Konitin Ltitholic \ ernna. Me'-ina or \ ienna. in a verv 
different -pirit front that in which he re]>re-ent.- the ^nlall ]iar-on. 
Sir Hutth or Sir (diver. Friar Franci- in " Xluch .Xdo " detect- 
the “ -tranpm nii-pri-ion in the two prince- " wherehv the T.adv Hero 
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i- -P.’.'.Pi ri'H-li \\ n I'.'-ui. '! ,i;’n! ii iT in~ iiru.icr.l :,i !\ ice. hicli, lui' 
H’.’i '1 cuK ii\ i!u- : i,.! litr iruniN. n”!u~ il:al 'A in 
llu- lUiI. 1 lu- likirA'" !■; '.I:!- ii; ni l-riar I wri-nc,; n j>aiL'nt 

Ai iLi- iMi-: 'U;n' T'lT in;: n".T.ijiii:!\ ni;' hi~ Anal-.r.cc and 

bi- maii'iuw, d'A- :.rv".'T-; Ai i i;n."v.nu;er. the i 'rcO!; liianay of 
Ki'iiA-.i, ilu nitiiu-iH'i. "f ;!'a \<.!'\ -tar-' '' .-I'a.iin'i lii:n a.nd, he fads 
wIk:'!. h'- ’iOJil'A-:' ;h',.r !ka! -t’.>\'ei..kd. Ndv.hci'c in S’nakL-pearc 
djji.- liH- e’ara' fnn.f--;: w.ia ::m'v djciniv than in '‘drca'iirc for 
'■ \', ladHr 'n da "■■T- nf iIk cha'A- and iie\''i'ed PAivitiaiA. 
I'aaLlla. 1 ir in tl’A- ur m' .ai'i 'ea.rolrni;' \-. ''''.i ir,; of ihc IJuke. What 
^!a.k^ A are'' ara'iiik ;.p'.',,;rdi fipi'n;;;! may have 'necn we 

l-.a\c link ih.at i' '’ahnnK n- rm '■■■ Whu can dduht that it wa; he, 
I'.iiwewr. am! ’Cpn,. edar. whi' '.akl fi>r the ippiliny of the .yreat bell 
''I \ a ill!'' wlki; h.i' I'ri'iher « boiU \\a' lai'l tltcve tei rert 

.'ual wliii can ii'ae'rmi with till hi' 'cctie' of rcliaiuur jA.'inp and 
ilienht di.at .Thakc'pcare recnAinzed. with Wul.-ey. that all theme 
fp’ni'.'of e.artli'.t \.'iih\ are* 

a liunk’i 

I 'lip ’’.e.c.e fur a I'lai! t'rat tor i'.eave!’. 

W'e nitiv rc'^rct that Sltake-^jicrire hari iiijultere' exhibiie'J to uf, like 
t haiicer in hi? "i-oure' IVimi.iun of ;i toun, ’ hi? ideal of the cloth. 
It ha' been witiil) -aid that it i? a credit to human nature that no 
critic h;m a' vot caller 1 Shake'jieare- ;i Furittin. it i? ^oniewhtit le?s 
crcilitahle that some have gone about to show him the satirist of 
I’uriitmi'in. espcciallv in Tltilvoliet. It wtm Ji'iison. the moralist, 
will) ratirized T’uritani'm. not .''iKikc'jteare. whose bustnes? was with 
Hualitios that differentiate nieni in the essentials of their natures and 
in tlic conduct which those diltcrences entail. 

Let It' glance next at the physician? of Shakespeare. In Dr. 
Caiti' of ■■ The klerrv W'ivc'." albe-il he i> hoa-^tfnl of his intelligence 
from the court, the doctor m lo't in the gro's wit 'if the Frenchman ' 
ignorance of Fngli'h satirized. 1 he apothecary who rcll' Romeo 
his death j'utiun. in hi' "tattered weed?," could arstircdly not have 
been of a pr"fc''ion in which there are no lieggar'. ihe father of 
Helena in "All's Well." although he left to his daughter the mirac- 
ulous cure of the King of France by mean' of hi? medical secrets. 
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i> rojiortcil ;i man di . kairnin- a’.i'i nr.an cvairn-ua- in Iv- 

nracticc The (k)Ctiir ni Maclu-tli b-a- 'An!' tla- n? !:■.-■ (.wn 

icalou> iirnfc"iiin with ilic nn •ik "innal !•: hi- C' aiMia r.t- nn 

the -oninainlinh-t -tinjiliin:- of l.a.ih. Xhiehith '.'.h.'h- t!:e nh.\ 'n'l.r; . 
koniL'lin', ^k'.lk'il a> he i- m ina.M-n-, li. i:;. .-.h,',-, .keLni- ihe \\-el'(i! 
queen ef Cyniheline with a >!eei>inL; n.it-i.n m-ti ah. ni ihe (ieahih, 
drug which it wa^ her puriKi-e tn le in.', m -n r ; ■ ’.hi ini.h.ii-iA 
Imogen. 

Unlike hi- c(.-ntem])i irarv MiiMk-tnu ,;:'d -n;-.;- ih.i.-- ', he- 


sjieare doe.- in it >atirize tlic pr(iik"ii at nf i!k k-.w . a- i ; tha !..w \ <. r. a- 


such, scarcely figures in the plays. At 
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able Chief Justice Ga.scoigne. win is-, cm 
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•al free 

spirit of his time and laughs, as the 


r of 

th.c W--rI 

i! It: 

i" ever 


laughed. at the indolence, ineiititude tind iencirt.'.i.ce ■ i tin- .11 man 
dressed in a little brief authority. It might i.e argta,-l iili ;nme 
likelihood of succe-s that thi.- is idetnicallv tlte -nirit tha' mark- 
the Sheriff of Xottingham as the hint of the lawk-- 'c-aiik- nf Rnhin 
Hood, the attitude toward- coiiatituted authnni'c '.vlr.ch. cnmh'ned in 
the free ranging devils of the old miracle yla',- the fnnciaiiw nf 
policing the crowd and catering to it- merriment. Ik-vnnd hi- 
designation, “ a con.stahle." Hull in " Love'- J.al irm '- T.n-i " -carcch' 
represents for hi- class more than hk name: and as tn klluiw in 
“kleasure for Pleasure.” hi- ••simplicity" like In- malc.pmpisnis. 
seems a faint and colorless repetition of the-e qualities in the im- 
mortal Dogberry. Dogberry i- unuer-al, the uliiquituus, inevitable, 
unescapable man of weight, ponderous alike phvsic.allv and mentallv • 
for I am persuaded with an old-fa.shioned American critic, that 
Dogberry was "of ample size— no small man speaks with sctlatc 
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UraMtx'. . . \'i» man oi ihc lean aini dwarfish specie-' can a''Ume the 

irauMiiil 'ilf-ciin'einKiice nf 1 Ic v<;l )err\ . Ilow could a thinly covered 
soul |exhihit| . . . that calm interior l;!ow. that warm 'cn'e. too. of 
outward 'ecuritv. which 'O iinnlv 'peak' in l)ot^herr\'' content and 
confidence.”'- 

( )ur olivioU' ya nerali/alion a' to Shakc'peare's e>timate of the 
learned profe"ion'. then, i' thi' . he found, in all. earne't. honorable 
:md capable men :md honored them a' ^uch t and he found like- 
wi'C amony them the 'tupiil. tile pedtiinic. the pretentious and the 
alr'urd. It wa' for their folbe' that he ridiculed them, not because 
of their cbi" or their .'l.ition in life. 

( )f the 'inall yn-ntry of l-'.lizabethtm l-'.n, 2 ;land. iMaster Ford and 
Mtt'te-r I’tiLre with their two merry wivC' offer us the best example 
in crinie-dy. The ili'Cordaiit jikui' and plot' tor a provision in life 
for -Mi.'tro'S .\nne I'a.ye are in keeping with many a like uncon- 
'ciiait' jiaroih' on the grand allitince' of folk of higher station. The 
fo ili'h .'^lender, who is likewise a small landed proprietor, is nearer 
an ;il)sohUe foi.d or "natural" than any of Shakespeare's clowns, 
professionid or other, for wit proceeds no more out of him. how- 
ever he beget wit in others, than it ever comes forth from the mouth 
of .\ndrew .\guecheek his cousin-german (so to speak) of Illyria. 
In Alexander Jden. who meeting with Jack Cade in his Kentish 
garden, kills him in single fight, we have a serious personage of 
much Flender'> 'tation in life. But Iden has his -wits as well a' 
his valor about him :ind his knighting is his deserved reward. 
Xearer the -oil. if clo'er to rovalty. is the kind-hearted, allegorical 
minded king’s ganlener who ajiprise' the queen of Richard II. of 
the monarch's mi>chance in falling into the hands of his enemy, 
viciorii.nis Bolingbroke. In the country folk that fill in the back- 
ground of “.\s You Like It” and the later acts of "The Winter’s 
Tale,” Shake'peare's English sinril comes into contact with the 
conventionrd tv])cs of Italian pastoral drama. Lorin is the typical 
shepherde>', beloved but not loving, and Sylvius, the pursuing shep- 
herd unbeloved. But a' if to correct an impression so artificial, we 
have, be.'i.le them. William and Audrey, English country folk in 
name and nature like Costard and Jaquenetta, and in Shakespeare's 

’ FIcnry ( 7 ilc', " Human Nature in Shakespeare,” 1868. 
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maturcr an. l.ir niuro rLiliik-i’l oi llu '"k W M.i- .''kni't-r, 

ami main' a man laf heUcr 'ta-i' n. n a nma . 'an In- \'. :lK " 

nc" 1 -. a^ rrma llu- ink.-. t'-c tF. a n ,i'\ .i-, 

■'clown," a- hi.' 1 h •( ir!'hiK''> ilillkr' iria'-. ila I'l-na.i '■ n '] ,! ja:; \ i.i' tl.i 
Shcphcril will) hccninc' fu'nr 'n'a ala r O' I’m'ia i iji llu- Wniu:'’- 
Talc." l\Ioj'<a atiil Ourca' w.ih ilwir 'laj heal' nr' t! i 'hn-o 'lu.ir- 
ina. in thc'C charming ca nrcih 'Cciic'. arc h-iah'''. cnmir-.v fiil'n . ..ral 
Aiitialycii', ilc'pile hi' ihic ( Iruk name, i' a ihl’ah.n'ia | . -'.''h lae- i 
ami incorriaihlc vaaahon'l. 

Ami now thai \\c have ail 1 lu tnnclK.i ilr^ hnrniir; nr the .''Itake- 
'jjearean sucitil 'Ctile, we may iKPtc that in Slr.i'ai '• e.are iha.' 

not necc.'-taril}' make a man viciuU' : iii.ir iL ■<.> y luuen. ili. 'iia i\ Imntiir 
in a man or deprive him of hi.' hrtiin' Tlw ;.crti.r r; M.icheth i- ;i 
foul-mouthei.l drunken lout: tlic namek-'' " la'il m..n " m the .'ante 
tragedy i' a credulous recorder <.if nitirvel,' lint .\'lam. tlic oM 
serving man of r)rlando. i< faithful :dmo;t t. . .kath 1 t.-me khtickiv 
of London is ti silly old muddk-head. alike innocent of moral' and of 
common .sert'C : and her si.'ter Danie Quickh of Wind'o-.- is a .'hanie- 
le?? go-between and meddler: but the widiaw. keejur -f lodgings fiar 
pilgrims in "All's Well.” has a virtuoim and hunor.tlile .li'position. 
The drawer. Francis, in "Henry I\k" " sunm uj. hi' elo'iueiicc in 
the parcel of a reckoning" : but there is no keener, drolk-r fellow in 
the world than the grave digger in ••Ilainkt," and it i' iluhiou' if 
for natural parts, however diverted to the " doing" ;md undoing of 
his fellows, Amnolycus has ever had his ei‘iu;il. .^hakespetire'- 
carriers talk of their jades and their packs : hi' vininu-' mal dmtiwer' 
of their guC'ts and their drinking: his musicians ilispnrage then- 
own skill and have to he coaxed to show it ; ami his lionc-st hoteliers, 
weavers and bricklayers hate learning, and in their rage lariunsly 
k’ll a poet and hang a clerk. And curious ns all thi' may appear to 
him who habitually views the cla'ses below him tm mereh Ir's serv- 
ants or the objects of hi.s organized charity, all thi a\e ]> 0 "ilily 

tlic homicide-; — is as true of today as of the age of .''hake']icare. 

And here perhaps as well as anew here, we may digre" into " the 
SlKike.'pearean iirejudice as to mobs." The mob figure' tw 'uch 
cou'picuously three times in Shake'pearc's pla\', in the 'i-cond part 
of King Henry VI..” in “ Juliu' Ctesar," and in " Curiolanu',” It 



SCiil-.J.l-lXij— THK KIMMOX F(JLK ( >11 AKKSl'K ARE 4 


> rci ii\ 'i. nu il 111 all iliiac (.'.I'l' a-- hckk-, turl.u’.ciu, cruel, E ai; and 

[iii"e."'i.d Hi a iTiic -eii'C <il lininur. ainl ihi' la^l i- >hakc'|iLarc-' 

• a rl’,i| nane accnriitr 1\ . ihe I .li/a'iielhiin — ci iiuril nnii 'U lo ihe pic- 
i'lrc li ha- lm,n \\i.ll olHeiALd lhai lialin- I.iiLilanil jirc'ciUcd no 
iiiacXc par.dikl in ike hi ilu- Icunian idcb' riL^aiii't 

ilk hiilw iirk- Hi’ jiainc;,.:'. Hlkiarcln. And il i' dimliU'iiI if kliakc- 
' I calk- WHiild li,,\c -Hiielu fn;- 'nch i'.ar.ilk'k liad i1k-\‘ c.\i'li.d. In 
n:U"in:'.al — .'C'l; ilk jccniri- . •! ilu iriili i~ ~nch lo ilic dramatic ac- 
tiHii Hi ilk'i. tWH Riiiuan nl.iv,- — Slia.ke -j n. arc i' al\va_\ ' iailhinl lo 
li!' 'Hiircc'. .andi 1 'lu’iirch''. crnwil m cnul. 'chiiHU', andi " con- 
icii'jir.i'K rc-j I n-n c " Ih ihc n'm-t hIimhU' Ekiikh'hnicnt' hi the 
'icniauHiiiK . In tlu .idiirrank 'Ciin.' nf Jack E'adcX rclidlion, 
.'iiliHr,Hh tl'.c iia.k-nal win luaia-r liiinie. Sliakcfjk-arc hucc ntore 
fnlliiw Cl 1 lii' 'I'urcc'. here in llHlm'lk'l and llalle. Xeilhcr of tlic;e 
wiirthie' CHii'iirelienikd in the .'litt'hK'l deifree the actual political 
■."Uc' uiiilerkintt tlu Kr nti'hnien'' revolt, which hi'torically wa- a; 
rc'pecialde il we.' fruitlc". lint xhc.ke'peare wa? not ^cc'king 
h’XtHrical accnracx'. hut dramatic etiectiveno?^ and tidelity to the ob- 
'ciwed characteri'tic' of ignnrant men escaped from the curb of the 
law. .'^hake-'peare. a^ to the mob. wa> no >ociologkt, and his yearn- 
ing for the 'ubmerged tenth was not th;it of many a worthy gentle- 
man of our own time who otherwise nii?reprekents the un^hriven 
objects tif hii' >oliciiude. In ,-hort a mob was to the unlettered 
dramatist merely a mob. Man running m packs unbridled by 
authuritv wa.- a phenomenon lietter known to uiipoliced Elizabethan 
England than to U'. and khakospeare found most of his own im- 
pre-sions in thi^ matter to tallv remarkably with those of Plutarch 
and Ilolin.'hed. 

W ith, ."'hakc'peare's mob we leave the country and meet with the 
'iiiall irade.'ir.en of town-; for even the Kentish " rabblenient ' of 
Jack E'ade is repikscnted, like that of ancient Rome, as made up of 
'mall trade- people — cobbler-, butchers, smith- and the like — not folk 
of the ilelds. Individually a- collectively, Shakespeare has a greater 
appreciation for the liumor- of the tailor, the joiner, and the hellows- 
mendcr than for his psychology, d'he drunken tinker of " The 
Shrew " the tuithor found in his source and, unlike that source, 
wearied, he dropped Iiis adventures when the play within tltc plav 
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iniuution-'' i;>f the anialeiir actiit. a heint;’ link- I aii'i i.i nr nriii, 
I'n the [irofe.'^iontil ]ila_\er, whnm li^ Icku lutter than ;my nthcr 
man of tin. Shake-petire 'k ennrtenU' tni'l tijmtaei.if.N'e in the iier-on 
of Ilainlet, anil \ve kni.iw fmin t-.n often i|t:oioil 'onnet. how ilcenly 
he coiilil feel the (kjtrailata n whieh jiopnkir eonieni;>orary oyinion 
attticheil to the playerk art. 

The nierchtim. in .Shake-iietircV day. wti' a f.ir more diifnii'ied 
person than the mere nitin of trade. A merch.mt. it i- true, wtiit' 
with a jeweller, but al'O with a painter and ti poet, in the anteroont of 
?illy. jumptuouj Tinion. But ordinarily, the merchant is ti more 
di.q-niried person, extending e'ourte'v to stranger', a^ in " The Comedy 
of Error.'." taking risk.< for his merchandise and I'-r hini'elf. a- in 
the case of old .Elgeon. in the same play, who has ventured on 
markets forbidden and is impri'Oned for hi' dtiring. The most 
notable Shakespearean merchant is. of course, Antonio, the mer- 
chant prince of \Anice. an adventurer in the Elizabethan -lense into 
strange markets and a gambler for high crjinmercial stakes. Ilis 
gravity — or prc'aging melancholy — betits his dignity, and his gener- 
osity to BaS'anio. a fellow adventurer (but in more than the Eliza- 
bethan sense), is only equalled by his authority among his fellow 
merchants and his scorn of the unrighteous lew. Shvlock, ton, is 
of the merchant class, but a pariah alike for his race and his practice 
of usury. But Shylock will take us into precincts irrelevant ; for 
the Jew, whatever your thought of him or mine, i' not of the 
common folk even of Shake.speare. 
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Next lo ihc nicrchanis conic Shakc'pcare’s -eameu, the noble- 
niiiuled Antonio of "Twelfth Xi^ht," Seba-ti<an‘s friend, the out- 
.'poken .'eti-captain. boatswain and inariner> of " The Tempest.” the 
tittciulant 'ailor,': ;nid toiler folk of " I'encle-." Shakespeare was a 
landiiKiii ; ^ave for tin occa-ional line, his de'Criptions of the sea, in 
ilie riche.'t oi all literatures in this re-pect, tire none of them im- 
poritmt. 1 he mariner ti- '•uch lie tretns with the respect due a person 
onl\' ptirtially known. With, the 'oldier. in a martial age. Shake- 
.'peare was better aciiuaitUed atid he ktiew hitn frotn the kings and 
ereat coinmatiders cif the h.i'torictd j'lays to such pastebotird and 
pltoter military m.en to rarolle', X_\m atid I’i'tol. Of Falstaff’s 
levy tind hi> r.ililile aitetidtitus. from Btirdolph of the carbuncled nose 
to the mitiute ptige, it may be stiid that the}' cut a sorrier figure in 
h'rtmce thtiti at the hlotir.'h.etid in hiastcheap. But Shakespeare's 
tinny levied belief men ihtni ihe'e : the heroic gunners on the walls 
eif ( trlean-, the brt.ve and captible captains of four kingdoms, Gower. 
Fluelleti, iMacMorri'. aiKi Janiey in " Henry and the manly 

F.nglish soldiers Btitc'. k'ourt and Williams. If the retined, modern 
critic, ver'cd in the psych.ological researches of an incessantly prying 
world, would learn tvheiher the old dramatist. Shakespeare, had 
any notions as to the mental processes and moral stability of the 
common man. let him read and ponder the simple incident of King 
Henry A’, incognito, and the soldier Williams and their arguments 
pro and con as to the responsibility of princes. Williams is the type 
of the honest, fearless, clear-headed " man in the street " who honors 
his king, not .--lavi^hly because he is a king, but for the tiualities that 
make him kinglv, who respects manhood this own included i above 
rank and is the more taliant that he know s the cost of valor. There 
are several well-known tales of military devotion — they are not 
I'inglish — of the soldier, wounded untiv death in a quarrel, the 
righteou'ness or wrong of which he cares not even to inquire, who 
die> blessed and content that he has obeyed in unquestioning faith, the 
august commands of hi.- master. Williams is not of this type. His 
free -oul will cl'i.'illenge In- gage in the eye of his prince and when 
his heart tells Ihni he is right, let the devil forbid. Shakespeare, 
too. knew the common man. who is bleeding today for England: 
and his trust, like ours, was in him. X"or did our wise old dramatist. 

PRoc. AMUR, run,, soc., voi. i v. i>n, jei.Y 19, 1916. 
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fur all 111' 'Cc’lC' ui I'lK uu;- .iiiu O' ■ iil u'lU't 

tuiT' r, it' 'urruw .iiiu it' I'utl'.n' Iti t!;u t'”; ■! 'u.;t( IKiii'. \ 1 , 
thtit iinhuutu' kint; i' tiu .li'.-u i.-i t' u ii'u "i i<..tt.u u- thu 

rtrituo'u 'itror - .i\\ ff' 111 !i 11 ■ A' ■ 1 tin -i i. "I l ■ - " i!i..t i’ or 

ku'n! h’' i.iilirr .ir..r;tti:i” -kr . .-I'U ,.:i r " ; ;t: ■ ' 

kctinttr;' 111' ilc.ul 'u:i PiooHui’t u'\ tku li ^ 't ou:;": 

I'lLii ill thuir ounniiuii wui. iIk R.'.tt!i. \\ ut ut I'H'-' 

ill tile un|> "I wi'x'b. the k.;'l .ii\ u' t'lx l;’''..-! ..ii i tlu e''i..:ti-'t 

In the ttiwni', the .I’n! tlx .''i '• ■ • e n-ni'il tlx- 

f(.iulniriutlic'l. tlx' iitnunim rni'l tlx k'-l'iix-t .ni : lx 'ixi' -■ xti k. tlx I’l 
in till tbx'L- iixriici’.Ln-' in a faitlitnl. i: :.i tn-X'. x,- .■ •x.,!it\ tu 

life, klureuvef. hi' Jirejuilicc auaiit't i\'i ; ru'..it;'. 0 ' ■! :;i t''i, 
lX‘Jlul^i\X'^t■.'^ C'f ,'itch .'Ccnc'. lie ivitu','. - t r "i ..I'l "I’t-u^nn' 

aniony beu^'ar'. that iritil h> ci rn.k.it i- ■ -u: ( < ! :.• o-n-'x 

niethoil of ‘jetting' nt the truth tluxi tri .1 "tr;. 'li.e. tlx. re are 

corrupt and incompetent r.iac'i'trate' t-.r.'l tu,,!- -.I ..'e.nk. ■ c i-i w.dk- 
of life. IMoreover. he i.lepicif in h.:,' plte ' a feit'kil 'tate uf -uoxiy. 
for .'licit ivai Eng'li'h •society in hi' dt-.y. Ihii ilxre i- tiutli ni;' :n 
thet'C hoiie-t dramatic picture^ of Mn.cli'h life, from tlx kr,’.'C ^ n hi- 
throne to -Abhor^on with hi> heail'iiKiiik' a.xe. to 'kclare .xb'.kc'' tare 
prejudiced against any cla<' of hif fellow criunirynxn. \\ lierefuire. 
our obvious generalization a; to Shakespeare'' attuii'k- to-.ftird: com- 
mon folk, whether they be learned or unlearned, i' tlii- : lie found 
among them the 'tupid. the ignorant, the [iretentie.ii' and tltc :ib-urd : 
but he found likewi'e in each class the earnest, the hoiinrai'k- and 
capable, and honored each after his kind to 'itch For ih.eir follies 
he ridiculed them: for their virtue.' wliich he ree'ngnized, he loved 
them, deflecting neither to ridicule nor respect because of 'tation in 
life. 
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I he 1, iL :he -:.h inar'he- of our 

(U'Ur': .• a-i f. ."U :u Au.-art^v i I'huc IX.. Fij;. 

1 - i'-< ’r I r ( '"1 X r ih', mi’, lu' (.lie-ai cake Bay. 

1 Ia . ’a .u. ;l'c r.i ^ a. ■.■, ! '.o;'. the ocean, 

a-'h i.Juu ; the 'arrKr ■'! ^ -..a-l. wh'ch fringe the coa>l. in 

the ..teia I,f ;!a ' -j' ■ ’..I'ich. 'acrrr.c fr’Il’Cci with ^alt 

111.'."-'. L- (,;■ ta-.e-A wii’.Si ■ i A.t. I .X . i'-.y. Ja i-r ;lie C'yen kige''on.'. 

O’- i .i-e iitely .o',! ciau'erteh into ;i 'tilt nitu’-h of 

! ire • u'zi. '1 he ch.:".reX. (,r th.ci-.-nr.Ah,f;u-e5. a' they are 

calkii in .XAw Ji.r--<.y. 'till lannii th.e er.irancc uf ;e;i tvater and the 
?uriace of th.e mat'h •' i anlv. . r ’H'.i'ii'.}'. rit'i.'idcd with water de- 
ja-.id’.no i:; on the 'tate of th.e taie. 

Tlic I'juter niarciii of tha 'ait lu.ir.-;!’! wiicre it t.juche^ the open 
kiyo-'n, ' I 'late I.X . Ihir - . t’’e nd.a’. thorougufare, i' fringed witlt 
a liro;.i;i.r. or ;i ntirrowcr 'trio laf th.e lal! :ja!t gra.'.-;. Sparti)id alabrc 
I'katc X.. I'hg. I '. depeiidi'tg tn-oit dte level and -lope of the mar^h 
.-’.•.’•ftice. Back of iliH 'trip, or a''Ociation. we fiml the rush salt 
grti''. Sr,:rt:iid rdtt'ns. which g'■o\v^ at a slightly higher tidal level, 
anil i' of varving wiihh and outline. ;ind then come the extensive 
area' of th.e 'Lick gra". .L’.'/ica s tf crU'-i/f. upon which the economic 
value of the niar'h dejiend' .''oireiinics there tire e.xtensive areas 
covered, with the Ic'-er -i;ilt gra-'. Ibst.clihs sf'iCufd. The samiihire, 
S\:!iL<>'''.u: tiifupuU. grows -oinc. lines in pure as-ociation. sometimes 
niinglc' ivith Spisrtijia pati'iis and Pistichh.s while the sea- 

kitend.er. Liiiunin'.ni cc.rt'I niuuif.u. td-o grows in a-sociation with the 
grti'-e- and '.'imjilure in ultice- over the -urface of the marsh, a' 
til'o Siurd'! mdritiiud and .Itnp'icx pdtula. Where fresh-water con- 
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ditiuns begin to pre\ail. that alnne the itiner mi'ion line of the 
salt marshes, we lin'l Ilr'iSL'dS /'L.vr/ana.s oiia 

and li\i fruit sccns along with. I’t ru'/'.'/.aaa'.’! Ltcutd 

)>hiLithrtl. M\r!i\: S’S and otlier ['l.iT.-. eitlu-r '.ii irMin ol, 

or in the center of the thicket tegetat'nn. 

The .-•urface conditions, wh.icli we ha.te dc'Cribed abose. in,'} be 
disturbed by the action of stri'iie eddving curruU' of wind, winch 
blow acros' the salt marsh. 1 he gra-scs ami otlwr la.ndi -yecus 
are blown da.>\\ii and become mattci ami iwi'te 1. 'o that mar-h 
surface has a billow_\ apearance i I'late X, !';g a i wr.'.i exteH'oe 
areas of erect marsh plants, and depre"e<l peiriioUs of greater or 
less size of prostrated grasses. W ith exception;ili_\ high liiU-. winch 
carry the dead stems, leaves, tmd otlier renuiins of th.e in.ir-h plants 
about with them, the floating material i- carried in over the marsh 
and deposited upon the surface of th.e 'alt mar'h plant', e-'pecially 
in the hollows of the grassy surface, wliich h.ave iieen cau'ed iw the 
wind (Plate X.. Fig 2. am.l I’late XL. ITg. n. Tliese rtifts of 
wegetable debris are left on the surfa.ce of th.e mtirsh with the tidal 
retreat, and as the water level nitiv not ri'c tigain to a simihir level 
for several days, or even month', the d.rift material smother' the 
growing plants beneath it, and rapid decay sets in. Thi' smc.thering 
action may be effective in larger or smaller areas of the marsh 
(Plate XL, Fig. i ), and the tops of the plants are not onl_\ dic'troyed, 
but the decay reaches the underground parts as well. Xb-t onlv arc 
the underground parts destroyed, but also the surface of the salt 
marsh sod. which is above the permanent ground water level. De- 
pressions in the salt marsh are thus formed, which wiry in size 
from a few feet across to areas an acre or more in extent. Thc'c 
depressions usually have steep sides and becciine filled with water at 
high tides, and thus ccjnstitute the typic salt marsh pools ( Plate XL, 
Fig. 2 : Plate XII., Fig. i ) which are in evidence in evcrv salt marsh 
along the Atlantic coast. 

Various algre begin to grow in these quiet pools ( Plate XL. 
Fig. 2 ), and an investigation of the alg;e found in such pool' at 
Cold Spring Flarbor, Long I.'land. .'bowed the ' prc'ence of the 
following blue green algte ; Lyugbya scniiplciia. Microcoiciis chtoiia- 
plastcs^ Oscillutoria limosa, Rivnhiria atra and 'uch diatoms as 



\’Hr,I-:TATIi ).\- I.r salt marsh I’uOLS. 


4S3 


I’\'iiros!<iii!i! duimhitui)’. Mi'ldsird jiuiiiDinli'idcs and a species of 
XdZ'.L'itu: and SynrJra. With the retreat of the water and the dry- 
inn' np of the the.'O ;dt;;e and dititeiiii- forni cru-ts. or matted 

nia"!.' I Plate XH., I'ig-. ji. niixol with the (iried leaves of Zostera 
ii'.ariiu: a.nd the remain' of other ’ilant'. In one pool pieces of news- 
pai'er Were found stuck tianether hy the mat of blue green algae. 
’! he ni.'it' of partiallx dr\ a.ly.'e :uid iliate.ni' (algal paper) assist in 
the furilier lii.'intenration oi tlie J'eaty surf.ace of the priol bottom, 
hut a luiut i.' reached he\ ond winch, the proces> of decay is checked. 
With a chtinge in dirainage of the salt inars'n. some of the pools 
tire onl\ occti'iontilly lilled whh 'tilt water, atid the algte begin to 
die and ili'tipjiear, leaving a barren .'oil, which in very dry 
weatlier mtiy 'Un crack, as shown in the photograph of such a 
pool in the ^alt mtirsh back r,f Atlantic City. Xew Tersey (Plate 
XIII,. I'ig. I I. .^uch denude'! areas are now invaded by typic salt 
mar'll syecies. One suoh pool investigated was tenanted by a 
jiioneer jilant. .-Ityiph'x f'cJula. while an old crescent-shaped de- 
pressi'-in was completely invadied by TrigJochiti inaritimum in pure 
association, tind another tirea with Phtchca cainphorata. Plantago 
iiiLirithna SnUdago si'inpcn-iri'iis. Still another bare area was in- 
vaded by Spcrgulai'ia luaj-iac. Plaittago ))tariti}iia and a few weak 
plants of Solidago st'inpt'rz':i\'v.z>. 

An e.xten'ive area conii'>letely denuded of vegetation by the 
smothering action of drift material and completely riddled with 
the burrows of the fiddler crabs. Gclasiinus piignax i Plate XI\’., 
Fig. t I . was found occupieil hy a {Hire association of the samphire, 
Salicoriiia curopxa. which is frequentlv the pioneer species on such 
mud flats i Plate XIII.. Fig, 21. X'ot all of the areas in our eastern 
salt marshes are due to the smothering action of the drift material, 
which consists largely of the dried remains of Spartiiia glabra and 
Zostera itiariita. but occasionally, we find a sloping gravel bank, as 
at Cold Sjiring Harbor. Long Lland. where a fresh-water spring 
controls during a large part of the day the soil conditions, and 
where the gravel soil is so hard as to preclude the growth of the 
usual salt marsh species (Plate XIV.. Fig. 2). L'nder such condi- 
tions Lihropsis liiieata grows. It is an interesting little umbellif- 
erous plant with fleshy spatulate leaves, a running stem, and a 
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?inall iinilicl I't wlKic llnwcr' i jMri ni the ';;i\ it ^x- 

|]ti~cil to -iilir,-.cr”enae l.\ 'tiil a.-bl lii’.ntiit liie rf't n! tlic 

iLi\, it' k.i\c> arc 'iV'KCUii in ihc .u'lti.a t.; .iir .la,! whhc 

It' rnnl' ai'iil ciaapaiLt 'l^ia' aai. ‘r.ll’Lic'iCt.''i ic. Wcltr aiach. 

a ;i'an: nai'i chttarii. ii' i>'!ii'i;:' rc!.;:ai:i' 'c\cr.il taac- a ihr , 
tihcrnatcl) hctnir cxi.n'Cii In th.c acl'.nt! nl a;al luA) water. 

It w,ia r.jiiler 'itch ci 'n'htin!!' ni i 'n 'ta .• aaea.t t!'-.-.: th.e t'l.ait wa' 
tir'L iletected in Xew Jei'er ii' IhaT.,,.' Xf.;;..';. '.s!;,, hittie'. tt near 
■■ litta;' Ilarlinr.'' a,;'{'are!ul\ ni.,ir IXe-U'.'- !'i''.:’.t 
Srion the typic 'a.lt ni.ar'li -tac e- 'ne!; 

S. rdtz'iis. P.stidl-J's sr'Cdt.:. J-!.^ ^ n.n .uaa " tn th.e 

iiarrcn yrnural rirctipie-i ii} tite ■ l’'.,:te XllI . Tin j , 

I’late XI\’ , i'i" I', w'nic'.'. ;;ri. nr.a'.na".} ;\;.’a,ae t’ae i''a'n' 
which are tluniintint in the '.dt in.. .\:ter :''’.i.'e \ 'c'.";'.'.; ' n: 
itdt niar'h cxi'tence, wc n’'.d. tha c'di”. ix went..; inn ;a''.n-\d.. ;.nd. 
the areas fornier’y denuded, d;. tt-e 'n'lithefa-.t; ,.c; n. n;' d.r'rt ma- 
terial and algre appear again, an. ’. I'-.e n-ual ft;.;, ikattn.x',. m.",. '.n\v- 
like phr'siognoniy of the -alt mar-h 'itriace appear,^ tigtn.n ' I'i.ate IX , 
Fig. I I. In the ^tudy ui the nricMi nt '.d.t •.rar-h pnn'.-, we h.tiee 
tracei.l the 'ticce.'sional historx- of pla.nw ith.ich tme n rit'al ce.n- 
stitticntf of the >a!t niaf'h fit rti. hut v. h.kdt 'nconie ri"nC'.a.tLd to- 
gether in a different way upi.r.i the eene-’.- (.; the ennX nf larger 
and smaller size, which are typic feature' nf th.e metal, w-'nke ex- 
panses of our eastern Atlantic httloph.etic in.n^hc', .\' thie "ent^i' 
of the pools with their algte and other 'pecie- nf rlnwe-mg idants 
are due directly to the actwin of the ti'le- tn carrying the tititsain an 1 
jetsam of salt plants over the 'Urface ui th.e min.-'li. -i.i with the 
elevation of the mar'h. and the ahsence nf the daily nr j.erioilic 
flonding of the surface with .-ea water, we find a ce'-ation in the 
formation of tidal j'ool formation and tlie permanence nf a level, 
uniform surface of salt mtirsh, which inav later change it' pdivsi- 
ognomy and floral character, when fre.'li-water cnnditinim come to 
prevail. The ecologic succession of 'ttch converted areas of salt 
marshe> is an entirely different prohleni. bnt it' eS'Cntial tctinres 
have been described prcviou'ly in a pa[)er’ entitled " The Reclama- 
tion and Cultivation of Salt Marshes and Deserts." 

1 Harshberger. John W.. Bulletin of the Ge,i;iraphieal iiociety ,>f Phila- 
delphia, July, 1907. 





































PAT!!! ) 1 .( XiU AL anatomy OF THE INJECTED 
TKCNKS OF CIIFSTNCT TREES. 

(Pl-'.TrS XV-X\'1!I.) 

I’.v TARdLIXK RL'.MnoL!). Pn D.. Dk. (Tc. pucl. 

While wurkii'.L'' oi uxe inji.cui>n in coniieciion with the che-tnut- 
tree lilieh.t. a lartte mnnher nf I’arai^nn dte'tnut tree.s ( orchard tree^ ) 
Were made ilte 'niiject' nf e.xiiepinieniation hy introducing into their 
tnmk' diiiTixm 'uintancc' in ^nlulinn^ of varying dilution. The 
n'.e'.h.ijil u-ci in making the injeciionj lia^ been described in 

( i i. 

The injection^ were made to du'cover the elt’ect of the chemicals 
on the chestnut tree' and in turn c.m the parasitic fungus Endothia 
I'lirc.sltlca ( Mur. > .\. N A., the cause of the chestnut-tree blight. 
The rea-on fur umleriaking the-e experiments is mentioned, because 
the proce-'C' devi-cd fa.r this investigation not discussed in this 
paper, h.ave rendered the jdiase of results here presented, somewhat 
uneven ami uniini-hed. Eurthcr -tiuly on this subject is in progress. 

The chemicals tu-cd in the injections were about 50 in number; 
hydrocarbons. metaU and alkali metals. So tar an examination of 
the trunk' and branches of injected trees shows that their reactions 
to the ditterent chemicals were alike in kind but varied in intensity. 
The elTect of the chemicals on the leaves of the trees differed, but 
this \vill not be discU'sed at this time. 

I'he injected '.ilution passed through the vessels of the youngest 
and the one vear old rings of wood. There were exceptions to this 
rule, w hich will be explained later. 

The reaction in the trunk and branches of the tree varied with 
the distance from the point of injection. The affected region ex- 
tended ui) and down the trunk in a line whose width usually was 
but little more than the injection hole. The cells through which the 
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solution passed acted like a blotter, with the result that the farther 
from the point of injection, the more dilute was the solution and the 
smaller the injected stream. Correlated with this, the tree tissues 
appeared more normal as the distance from a point of injecf.on in- 
creased and the area of disturbance deerca'ed. (_)cca-ion:dIy all 
stage^ of reaction to an injection could be seen in a tree: death — at 
the point of injection — retarded growth, stimulated growth and no 
reaction. 

The results of the injections, to which particular attention is 
called here, are of interest from a histological standpoint. 

1. A strong inhibitory effect on the growth of the cambium layer 
was noticed ; so strong that as a tissue it often disappeared. The 
cambium cells changed into xylem. 

2. There was an irregular formation of the new year ring of 
wood. During its formation isolated groups of xylem cells ap- 
peared in the midst of the phloem. 

3. Phloem cells were converted into xylem by cell division fol- 
lowed by lignihcation, or the cell walls were lignified without cell 
division. 

4. All of the cells of the phloem region were capable of change 
with the exception of the stone cells, the bast-fibers and their ac- 
companying cells containing crystals. 

5. There was a production of wound tissue showing various 
degrees of abnormality. The wound tissue was abnormal in that 
its position was reversed from the one in which it is customarily 
seen, and frequently the cells composing it had unusual shape-. 

6. Cork formed prematurely. It was apparently correlated with 
the irregular growth of xylem in the phloem region. 

Another region of response to the injections was the xvlem, 
evidenced by an increased formation of thylloses and a thickening 
of cell walls. This response, while pathological, was one which was 
expected. For this rea-on no emphasis is placed upon it in this 
discussion, but it will be referred to in connection with the paths of 
the injected solutions. 

These points can be elucidated best by a view of some sections 
cut from injected trees. They have been selected from manv. as 
they illustrated the points emjdiasized in this paper. 
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Oi:SERVATIOXS. 

TJic Path of the I ejected Solutions in the Trees. 

A> >taie'l before, the path of the solutions usually was through 
the vessek of the younge.^t ring of wood (Figs. 2. 5, 10. and ii). 
It 'onieiiine,' happened that the stream was shifted from these 
vessel'. Fig. i shows such a case. Thi' section was cut from a 
tree which had been injected with methylene blue. The stain had 
colored the passages taken hy it. The solution of methyene blue 
was not toxic, hut it was stimulating enough to cause the forma- 
tion of thylloscs, which finally plugged the vessels through which 
the stain passed. The main stream then passed through the vessels 
of the older year ring. The amount of such shifting appeared to 
varv with the toxicity of the injected chemical, for killing solutions 
never changed their paths (Fig. 2). This shifting by removing the 
source of irritation that is the injected solution from, or bringing it 
in closer proximity to, the cambium layer had a decided eflfect on the 
growth of the cambium and phloem tissues. 

The Wound Tissue Formed. 

The character of the wound tissue depended on the toxicity of 
the injected solution, (buick killing was not followed by stimulation 
other than the formation of normal wound tissue (callus') to cover 
the wound. Fig. 2 shows an instance of this. The section was cut 
from a branch of a 9-year-old tree, which had been injected in blay 
with meta cresol i-iooo G.M.. the branch having been cut in Oc- 
tober. Callus had formed on both sides of the path of the injected 
chemical. The photograph shows one side of this path which could 
be distinguished readily by a stain (a). The callus which had 
formed is as normal as though the tree had been cut by a knife; 
the wound cambium or bark cambium (he) surrounds the newly 
formed tissues: the groups of bast-fiber (bf). the protective cells, 
have the formation one sees in a one-year-old twig: the phloem (/>), 
cambium layer (cl and xylem (.r) are normal. 

There are transitions from such normal wound tissue as that just 
described, which are caused by the varying toxicity of the injected 
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chemicals. They exhibit more and more abnormalit\' as wound 
tissue, until the -ections jhow not wound ii'>ue Imt >timulated e;rowth 
of cells. 

Fig. 3 shows a wound tissue formation in a ten-VL-ar-old tree 
which had been injected in June :utd Julv uith nitro jiheiiol-para 
1-500 G.iM. tind felled in November. The ptuh of the main ■-tream 
is shown on the right-hand side of the photograph. The cells had 
been killed and a callus had formed which was not as well developed 
as the callus shown in Fig. 2. On the right-hand .-ide the (lark 
streak in the xylem shows the path of the 'Olution. In this region 
the solution must have been much diluted as compared with the 
main stream. Here the phloem, cambium layer ( c ) and year ring 
of wood are normal, with the exception of the xylem cells in the 
immediate neighborhood of the path of the solutirin. Somewhat 
left of the center a stimulating et'fect i; seen in an abnormally placed 
group of xylem cells in the midst of the phloem. 

Questionable wound tissue is seen in Figs. 4 and 6. The xylem 
formation can be regarded as irregularly formed year rings of wood. 
In this case the growth of the ring; of wood has been stimulated, 
for the normal ring of xylem had nearly completed its growth before 
injection began. Or the extra growth of xylem cells on the fat- 
side. as regards the cambium region, of the bast-hber groups can lie 
regarded as a form of wound tissue (callus 1. The premature bark, 
which always appears with the abnormal xylem. can be regtirded as 
part of a wound tissue. Fig. 8 gives a detail showing the -uggestive 
arrangement of the protective cells, stone cells, and ba-t-nber'. in 
relation to this extraordinarv xvlem. 

IxiiiniTORY Effect ox Tin; Growth of the C.vmdiuji. 

This was a phenomenon common to the injected tree*'. Fig. [. 
shows a section which had been cut from a sixteen-vcar-old tree, 
injected with lithium carbonate 1-500 G bl. in Julv, Augu-t. Sep- 
tember and C)ctober and felled in Xovember. I'he section shows 
the relation between the ]>ath of the injected alkali ( .9 ) . the cambium 
layer region (c). the irregular growth of xylem cells ( .r ) and the 
irregular growth of bark cambium {be). Fig. 5 ;hows the enlarge- 
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mem of a portion of Fig. 4. In the center of the photograph in the 
region of the cambium layer are cambium cells which have changed 
into xylem. It shows also that the phloem cells are changed into 
xylem by division and by thickening of the walls. A group of 
x} lem cells Ini' started growth on the far side of a group of bast- 
til )ers. Fig. 6 shows a 'Cciion from the same tree, in which this 
situation, exhibited in Fig. 4. is more pronounced. Fig. 7 shows an 
enlargement of the cambium region (c). Here it can be seen that 
the rows of bast-fibers are surrounded bv xvlem. 

The inhibitory effect on the cambium was transitory. In time 
a new caniliium layer formed, arising from phloem cells. It sepa- 
rated the irregularly formed xylem from the phloem. It formed a 
wav}' row of cells, but its growth was normal. 

Prem.\ture Form.xtiox of Cork, 

Correlated with the abnormal growth of xylem in the phloem 
region was a premature formation of cork. This was formed in so 
striking a manner that the path of an injected solution could be 
traced on a tree by the raised lumps of cork extending up and down 
the tree trunks. This cork formation was not in a continuous ridge 
of tissue, but appeared in irregularly shaped lumps. So certainly 
was its formation connected with a disturbance of the cambium and 
phloem tissues, that one could tell by a cursory glance at a smooth 
barked tree at what points the above mentioned tissues were de- 
ranged, In the case of the lithinin-injected trees, the spectroscope 
showed the presence of lithium in the cork, showing a connection 
between the abnormal tissues and the foreign chemical injected into 
the tree. Fig. 6 shows that the formation of this cork is due to an 
tinu'ual development of bark cambinm from phloem cells. 

XvLEM DnVELOl'En FRolt rilLOEil TiSSUE. 

The xylem which hail formed Iw tlivision of the phloem cells, 
and often appeared to be a form of wound tissue, has been partiallv 
described. Fig. S shows the development of such xvlem. The 
group of stone cells partially surrounded by xylem was part of a 
row of such cells. Rows of stone cells often were found in the 
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phloem region in the injected tree'. It can he >een that there i> a 
close relation between the protective cells, i. e.. .'tone cell' and ha't- 
hhers. and the xvlein which i- formed by cell-division of phloem 
Cells. \\’hether any of the-e groups of protective celh formed after 
injection future ex])eriment will show. It 'eems probable that thev 
did. as according to iMoeller (2 i such a formation can occur in the 
normal growth of the che-tnut. CdStanca zrsca. 

.\n irregular growth of the year ring of wootl is shown in Fig. 
Cl, which is a section cut from a fourteen-year-old tree injected 
i\Iay, June and July with nitro phenol-para i-iooo G.M. and felledi 
in Xovember. The section shows the year ring of wood only. The 
formation of xylem on the far 'ide of the bast-fibers is shown in a 
more pronounced form than in the previously discussed sections. 
Xo phloem cells are in thi' section except bast-iiber and stone cells. 
The cells on the near side of the bast-fiber groups have been con- 
verted into xylem by a lignihcation of their wall'. 

Xylem also was formed by the thickening and lignification of 
phloem cells without cell division. The section shown in Fig. lo 
was cut from a fourteen-year-old tree, which had been injected in 
June and July with picric acid i-iooo G.M. and felled in Xovem- 
ber. The cells of the dark-stained groups in the phloem regicni have 
lignified cell walls and the shape of phloem cells. This process of 
lignification is uninfluenced by the proximity of bast-fiber groups. 
Xo vessels are formed. It can be seen that the old phloem rings 
are capable of change, for here the nine-year-old ring ;hows lignified 
cells. Fig. II, shows a portion of Fig. lo, enlarged. In Fig. ii. a 
stone cell has been surrounded by xylem cells of abnormal shapes. 
The pits in the cell walls can be seen. 

Discussiox. 

The investigations of Schilberszky (31 showed that secondary 
extra-fascicular vascular bundles could be formed on the outer side 
of the bast-fiber cells in pea and bean seedlings. He found this 
new tissue developed by the division of the cells of the starch sheath 
or endodermis. The starch sheath acted as a cambium layer, pro- 
ducing phloem celF on its outer side and xylem cells on its inner 
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side. He produced this result by cutting away a part of the seed- 
lings’ stems, when they were actively growing. 

Schilberszky's result, obtained by cutting, was produced by the 
injections, when the solutions were toxic enough to kill or to retard 
the activities of the fibro-vascular bundles and the cambium layer. 
But the forni' assumed by the deranged tissues, resulting from the 
injections, were not as definite as those obtained by the knife. This 
was probably for the reason that the toxic solutions did not usually 
make definite wounds, but killed only groups of cells or single cells, 
while other groups were simply retarded in growth or even stimu- 
lated. Also the shock from the incision was a single one. while in 
the case of the injections the source of irritation was present for 
weeks or months. 

As stated before, Schilberszky found the extra-fascicular vas- 
cular bundles developed from the starch sheath, which is situated 
just outside the bast-fiber cells in the case of the pea and bean 
seedlings. This row of cells produced both phloem and xylem 
tissue. 

In the case of the injections the result cannot be attributed to the 
stimulation of a single tissue but rather of three: phloem, cambium 
and xylem. So far the examination of the trees has not shown a 
development of new extra-phloem cells. The xylem cells found in 
the phloem region appear to have been produced by cell division of 
the phloem cells followed by lignification, or by a lignification of the 
original phlocnt cell walls. The isolated groups of xylem usually 
commenced to develop just behind the groups of bast-fiber, and 
this might indicate that the cells there were meristematic or cells 
which retained unusual regenerative powers. It has not been known 
hitherto that they were meristematic cells. It seems more probable 
from the way in which the groups of xylem cells increase, that these 
phloem cells first respond to stimulation because of their position 
behind the bast-fiber groups. Osmosis in the case of the bast-fibers 
mu-'t be extremely slow. Therefore, an irritant coming from the 
direction of the injected chemical would strike the cells situated just 
back of the bast-fibers from two sides at once. Those phloem cells, 
e.xposed directly and from one direction, would respond more slowlv 
bv a lignification of their cell walls. 
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All the cells of tile phloem are capahlc of change with the ex- 
ception of th.e .'tone cell-, the ha'l-hher- anil their accninpanyin^ 
cells containing calcium oxalate erv-tah. X diilv can tile cell> 
re-pond which are in the recently formed rine;-- of phloein, hiu tho'C 
in the riny> eiy'h.t and nine \ear? old. I'rum the phloem cell- are 
formed hark cambium, cambium and xvlem. 

Sc.MM-\RV. 

So far an examination of che-mut tree.', injected with chemical' 
in solution, shoW' that the reaction in the trunk' and branclw', a- 
evidenced by abnormal ti'^ues, was alike in kind, but varied in 
intensity. 

With increa-ed distance from a point of injection the ti^uc' 
became more normal tind the tirea of disturbance decrea'CiI, All 
stages of reaction could be seen in a tree: death, inhibited growth, 
stimulated growth and no reaction. 

The regions of response were the phloem, camliium, and .xvlem. 

The Phloem . — The most remarkable respoii'e from a histo- 
logical standpoint, was that given by the phloem, Xylem cells 
formed in the midst of the phloem regie n. This xylem was formed 
by division of the phloem colls with snbsei[nent lignihcation of the 
walls, or by lignihcation of the phloem cell walls without division. 
All the cells in the phloem were capable of change, except th.e -tune 
cells, the bast-hbers and those cells containing calcium o.xalate 
crystals, which accompany the bast-hbers. 

The phloem cells changed into bark cambium, cambium and 
xylem cells. 

Cork formed prematurely, due to an unusual development of 
bark cambium in the phloem region. 

The Cambium . — The cambium layer often disaiipeared. It- 
cells were changed into xylem. 

The Xylem . — I he xylem responded by increased formation of 
thylloses and thickening rif cell walls. 

IVuiinil Tissue . — \\onnd tissue formed which varied fn.ni 
normal to abnormal according to the toxicity of the solution injected. 

BoTAXriAL LaLoR \T(iKV, 

LxiVLRSITY OF PFXXSVLVAXIA, 

April 17, 1916 
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EXPL.\X.\T!( 4 X OF PL.\TES. 

p!',. I L'r.rtaii.n! frre-’nand -ection Section cut from a tree eight years 
oh', i'yuetei! w'tii m.ethele'ie Mile diirintr the latter part of April, The tree 
wa' felieii 111 October 1 hlution Ilf metlnler.e Mue solution was i gram to 4 
liter- Ilf water 

I'l-i j .\iKriiae-i'. .'tain Section cut from a tree nine years old injected 
m May with meta-cre-ol i-iooo <J M, The branch was cut from the tree in 
Ucti.'iier, 

I'l , 3 DelaheMS lireinato-xylon Section cut from a ten-year-old tree 
injected June and July wtth nitreiplieiiol-para 1-500 G,M. Tree felled in 
Xo\ ember 

Fii, 4 .\tK-rbach stain. Section cut from sixteen-j-ear-old tree injected 
with lithium carbonate 1-500 G.M, in July, .\ugust, September and October. 
Tree felled m X'l i\ ember. 

Flo 5. .4.11 enlargement of a part of Fig. 4. 

Flo. 6. -\uerbach stain. Section cut from tlie tree shown in Figs. 4 and 5. 

Flo 7 - 4 n enlargement of a part of Fig. 6. 

Flo. 8. .4.11 enlargement of a part of Fig. 7. 

Fill. 9. Heideiiheim's iron alum htematoxylose Section cut from a 
fourteen-year-old tree, which was injected Ma.v, June and July with nitro- 
pheiiol-jiara i-iooo G.iM. Tree felled in Xovember 

Fill. 10. . 4 uerbach stain. Section cut from a fourteen-year-old tree 
which was injected in June and July w ith picric acid i-iooo G.M. Tree felled 
in Xovember. 

Fill. II. . 4 n enlargement of a part of Fig. 10. 
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pliate. soi.liuni borate or lulni'.m jii’.u'iiiiate. Alter ; > da,.- 

light or to violet or nl:ra-\i"'v: rav' they gin.’. lAr a C' '!i'i lerabL’ 
time with charaoteri.'tic e. '!"r,' .\h,ieh ik-iien'i upu’i tr.e jiartienlar 
mixture 11^01.!. 

\ ariations in the brigiitne"' of ;>h.O';i:ir>re'0enee with the time- 
find convenient indication iiv mean- of tlie cur\c of decay and the 
eltects of temperature, etc . on the intensity arc likewise capable of 
graphic or analytical expres-ion, The-e relationships h.ave alread’. 
been extensively studied by the auth.ors just cited and others ami in 
a paper read before the American Philosophical Society in April. 
1910. I presented the results of such an investigation. Tlie subtle and 
fleeting changes of color which occur as the pho-jihiiresccnce diie- 
away or when the substance is heated or cooled or when we compare 
sulphides varying in composition, do not lend themselves to such 
method- of expression. The effects must be seen to be appreciated 
and it seemed of interest to try to record some of the [ihenomena hv 
means cif color photographs. 

Now the glow of even the brightest of these phosphore-cent sub- 
stances is in reality of very low intensity and color-plates such a- the 
Lumiere plates used in the experiments to be described are relati\ elv 

Lenard and Klatt. A)uui!l)i dcr PJiysik, 15 (1904). also Lenard ibid 
31, p. 641 ( 1910). 
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slow. The total light effect obtained by a single e.Kcitation is in- 
adeiioate for the proper exposure of the plate when used in the 
camera in tlie ordinary manner. Indeed it was found in some pre- 
limiiiar\' triaU by Professor G. S. IMoler and the writer that a plate 
placed in immediate contact with a tube containing the phosphores- 
cent sulphide as soon as practicable after intense excitation and 
allowed to remain for several minutes or until nearly the whole of 
the tec.al ligltt effect had been iitdized, was decidedly under-exposed. 

(Jn tlte other hand the color effect' to be recorded change rapidly, 
c.'peciall}- during the first few hundredths of a second after excita- 
tion that it was necessary to obtain the equivalent of a large num- 
ber of 'ticco'ive sh.urt exposures each made at the particular time 
after exctiatiuti for which the color record was desired. 

To this end a special form of phosphoroscope- was constructed 
by means of which the 'tibsrance. enclosed in a flat tube of glass 
about 10 cm. long and from i cm. to 1.5 cm. wide, was viewed 
through a revolving disk with alternate open and closed sectors of 
45" aperture. The disk was mounted on the shaft of an alternating 
current s} nchronous motor on a 60-cycle circuit and excitation was 
by a series of five sparks (E. Fig. if between zinc terminals. 

The sparks were produced by the action of the secondary coil 
of a small step-up transformer with condenser C, in the same circuit. 


T 



T 


Fir.. I. 

spur wlieel of zinc ( .S"i was mounted on the shaft of the motor 
and its four arms passed the two terminals of the sparking circuit 
with tin air space of about i mm. The wheel was adjusted so th.at 
thi' passage coincided with succc'sive crests of the altcrnating-cur- 

= Sre a paper presented by Xieliols and Howes at the meeting' of the 
Ant. I’hy.'. Society. Washington. April, 1916, ab.stract Pltysical Rcz’lczc (cT 
\TI , p. 5S6. 1916. 

I'ROC. AMIiR. PHIL. SOC., e OI. 1,V, P'E, JVI Y 10, I916. 
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rent ware aiii! the 'eOi'ireii iii'i-: w.i' r.T.il tnc ^'^|.lrl^'.ng 

oconrrej Ji'.nrijt CL'!i;i--e, ; t’ , at iIil ■.inK 'Alun a ~ix na- 

scnrei'. iruni view '.mtii the 'jiark' aiiii i-'.e 'ii: I'tanvi- nii'W-r 
tiL'ii I see Fig. 2 , pe'>itiiin I 

With till' arr.'ingeinent the 'pevinun, o. inch ’.i.;!' nr''.i:i'a,i ve’’;;- 
cahv in a line paralie! t'' ine isaw •_>! g.-p' aar. awtant a 'in 

them a'l.'Cint - cni.. wad intcn-ielv ilhiininati. ■; 120 iiuK' a 'eOc'".'! a.ia' 
witS Vdl'ij’.e I’itiriiiii- ;n:e''ira ■ tia.ta inie r\ ai.' c'l 1 Jg' I I*; a .. La.c.l 



I'a- 2 


beginning about .0001 second after excitati'-'a.i cea'efi > see 1 ;g. 2. 
position 2'i. 

For observations during later stages of 'lecay th.e wheel cra.ihi he 
driven slowly by means of a direct-current nicccir <ar moved step'A i-e 
an eighth of a revolution at a time at the desired rate. 

Since some of the most striking ch.ange- of color are prod.nco'I 
by differences of temperature, the tube containing the plio-phorescent 
sulphide was mounted within a cylindrical Dewar lla'k with un- 
silvered walls. The lower end rested in a metal mercury cup while 
the upper end parsed through a heating coil 1 =ee Fig. 3). From 
the bottom of the mercury cup. M. a copper rod projected dirnvn- 
wards into liquid air. The region at A could thus be maintained 
at a temperature of + 20° C., or higher, while the lower end at B 
was at approximatelv — 185” C. 

A fairly stable temperature gradient soon established itself and 
the colors of phosphorescence through the entire range could be 
observed and photographically recorded. 

Excitation under these conditions was obtained hv inserting the 
sparking device within the Dewar flask and many photographs were 
made in that way ; but this is a procedure demanding special pre- 
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camion^, a' the titniO'phere above the liquid air is very rich in 
ii.wyeu and conllagration of the insulating materials and even the 
metal parts is likelv to occur. 

The principtil phenomena to be studied were those due to: 



Fig. 3. 


1. The change of color during tlie decadence of phosphorescence. 

2 . The effect on the color of pliosphorescence when excitation 
occurs at temperatures between —20' and — 185°. 

Ch.\xge3 During Dec.w. 

To confirm the well-known phenomenon of change of color dur- 
ing decay it is only necessary to mount one of the sulphides in the 
pliosphoroscope and e.xcite with the disk running at normal speed, 
;. c.. 1,800 rev, a minute. The appearance as viewed through the 
re\ olviiig disk is then that due to its phosphorescence during the 
interval .0001 to .004 second (approx.) after excitation. If the 
excitation be stopped by breaking the spark circuit the changes of 
cofar as phosphorescence dies away can be followed for several 
secuials. 

In the case, for example, of a sulphide known as Xo. 33 (Ba. 
Cu, Xa.B^OD the initial tint of red-yellow changes to a deep red. 
Another preparation, Xo. 3 ( Ca. Ri. Xa,S04: CaF2Xa,Ij40-') , which 
i' tvpical of manv. appears bluish green through the rapidly revolving 
disk and changes very rapidly after the close of excitation to a deep 
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violet. I Photographs were ^l’.>>wn at tr.c meeting ilhi-'t rating ^I!e^e 
and similar cases, i 

The work of I.enaril ami nther' ii'ing a \er\ d:i!er.-nt pro- 
cedure has .'b.own the -pectrti of the^e .-uli'taiice' to cou-i'-: <<i hroail 
overlapping hand.-' di^llnglll-llaMe frotn each, otlier cl'.i.tP hv tlie 
mode of e.xcitation, tlnration. tiiid the intiiu nee of temper, onri, and it 
i' clear that in tlie'C tind ,'imilar Ca^e? we have te' di. i wn.h. two i,r 
more .--uch bands 

In the first of these two example.' the clian.ge of colio •.n.o ob\ i- 
ousI\' be explained by the mure rapid d.eca_\ .'f the 'oaml of 'h.orter 
wave-length; an hypoth.e'is readily verifui; b\ o'-eiwntg t'e ^t;h- 
stance a' seen through the d.i'k with a '[lectrri'Oope. W'h.at a;'pears 
as a single very bruail baii'l collapses preiinpily iri.ini ih.e tpa-en end; 
when the exciting circuit m nrokeii, Kavi’ig ipe ri.d; pi'irti'Ct onP , 
which persists for man_\ m-Ce'n P 

A\'o have to do then with a c<.>mbi!Uiiii m of :i baml of verv 
short duration i having its crest in tlie green > and a baitd ..if long 
duration in the red, and tlie color at any time after tiie close i.ii 
excitation is the sum of tr.e instantaneous \ allies of tile t.\ci ceun- 
ponents. 

Since the decay of the green baiiel is verv rapid indeed, it- in- 
tensity becoming negligible in a small fraction of a secor.d., th.e 
appearance of the phosphorescent surface when ob>erved bv ecnlinarv 
methor.s is chieliv due to tlie red component and. it appears of a 
much more ruddy color than wdien viewed through the rapidh re- 
volving disk. The same is true of all the other barium suippp.p., 
studied. 

The Ca and Sr sulphides in general appear as greenish blue, pure 
blue or even violet as in the example cited i Xo. 3') wiieii viewed; 
in the ordinary manner ; but in the phosphoroscope thev arc "Teen, 
going over into blue or violet after the cessation of the periodic 
e.xcitation. Here obviously we again have to do with two bands of 
which the green is of very short duration, while it is not in this 
case the band of longer wave-length which persists but that of 
greater refrangibility. It appears in general that these sulphides fall 
into two distinct classes: Those of which the persistent band is of 
longer wave-length, i. c., red, chiefly if not exclusively barium 



PHOSPHOKESCEXCE OF METALLIC SULPHIDES. 


499 


sul|ihi(!(.‘'. ami those of which the per.'^istent hand is of shorter wave- 
k-ipenh. 

I hirtv-four sulphides examined hv tlie method already described 
.-huweil color changes in accordance with the foregoing classification. 


Ui'i.oR Cii-\.\ia'.s HtT. To Coor.i.xc,. 

.''ince the inteimiry of ilu hand of rapid, decay vanishes in a small 
fraction of a .'ecimd, ordniarr dli'ervation' of tlie phospliorescence 
of tiiLSe su![)nid.o' pertain. :i- !la^ alreadv been pointed out. to the 
j.ier>i';:ent ban.d alone. It is not possible moreover to isolate the rapid 
handi by the use of the phi;i-]ir,r>rnscope. ^ince during tlie brief period 
ininiediiately following exciitition \\e ha\e both, bands present and the 
cr.lor due to their combinaticm. 

rile .'low bands, however, are greatly diminished in intensity 
by cooling the phosphore'Cen: substance and are often reduced almost 
or quite to the vanisliing point. Thus it is possible by lowering the 
substance during the experiment to temperatures approaching that of 
linuidi air. to observe the color and intensitv of the rapid band, bv 
it'elf. 

When we cool the lower end of a tube of the BaCu sulphide Xo. 
.LI with liquid air. as described in a previous paragraph, and observe 


FAST 


RED-YELLOW 


GREEN- 


RED-YELLOW- 
GREEN 


■ + 20 ” - 
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- 120 * 
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1 - 1 ... 4 . 


SLOW 

-O--- RED 


-- BLACK 


---RED 
^ — BLACK 

B 


ii-- pho^phoI'c^CL■lKX‘ ihroiigh ilic sectu^reJ disk, iho red-yellow of the 
upper (warm) end nu-rges gradually into a brilliant green occupy- 
ing the cooler region-^ helow. rcd-ycllow patch occurs still lower 
down, while at the very bottom where the temperature approaches 
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that of liquid air ilicre i- ;i return itrce:!. '1 l.c dn-ti ihutr ui ^>1 
colors and aiquaixnn.ato iiiiikeratuii.' a:\ in '.-.can d in Idq 4 i-f>. 

That th.is reniarkahP il''’.ri'.i;it:";t 1.; ca'a.-, i, ' ,c !;ra-rj>reted. 
as the re?ult of the kilhny -i’.: "f the "'hiA " rid ieu'd ir, ceoliniq 
and its suoiequeu: recurrence tit ahaut — !'«■ , i- hiai;t:fud\ cmu- 
firnied to tno aqqcartiiice 'U tue‘ in 'e a'tir tue eu'ire* Ce'"'a.ti at of 
excitation. When tite 'park circun ''rcdM:;, tin ar.en \a:i.'he' at 
once but tile re'i reuiici^ »o\e an oeso', coir.una to uio,\ lor inau\ 
seconds as indacaiedi i:i l-'i.a. 4 ■ /> . 

In IqlO I nteaSurc'L tne e" tartte in lUe p' o-; taori ^Ce ’l a- oi tilla 
substance’ etYccieel by temperature, d lie curve, ttita-'n. re;u'od:ueed 
in Fig. 5, applie> to tiie red, ban; only, 'ince tlu qreen i'an. 1 w ouM 
have vanislied long befec-e obMreatro of ' rfeltfte" coul'l he nt.ule 



by the method then employed. It describes exactly the appearance 
noted in Fig. 4B, i. r... a rapid diminution on cooling, complete dis- 
appearance at about — 120° C., a recurrence of measurable intensity 
below — 140° with a maximum at — 160°. 

All BaCu combinations, so far as examined, have a red-yellow 
color of phosphorescence at room temperature with the red band of 
longer duration, but the relative intensity oi the red varies greatlv 
^ Proc. of Am. Philosophical Soc , XLIX., 275, 1910. 
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wi’ih (iittcrcnt flnxes anP proportion^. While the persistence of the 
s^rei-n band at low temperatures seems to be a general property of 
ihC'c ^ub'iancc' the recnuieicence of the red as in the example here 
Considered i.s not so apparent in other cases. In the other substances 
of this class it must ije regaialcdi either as marked by the brightness 
of tile green compdneni or entirely absent. In the former case one 
inig'it expect a moditlctition of ih.e green at tlie temperature in ques- 
tion andi in 'ceeral specimens thui f;ir studied this is clearly the case. 

The etlect of cooling tlie phosphorescent sulphides of calcium 
and strontium is analogeius to that just described. 

The band of long duration is greatly weakened or disappears; 
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the other, which in all these cases, so far as has been observed, is a 
green hand, persists. 

Since the band destroyed by cold is. however, blue or violet, the 
change of color is in the opposite direction from that noted in the 
case of the barium compounds, i. c.. from blue or blue-green to green 
instead of from red-yellow to green. 

The most striking example in this class is perhaps the combina- 
tion ( Ca. Bi, Xa^SOj,; CaF,. Xa.B.O-I already referred to. The 
greenish blue of earlv phosphorescence, as observed through the 
sectored disk at -|-20'. goes over to a full green of short duration 
in the cold portions of the tube, the phosphorescence of long dura- 
tion being in both cases of a remarkably rich pure violet. See 
Figure 6 . 

It is obvious that the methods described in this paper bring out 
from quite a new standpoint the structure of the phosphorescence 
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C(_)( '1'1-;RATI( )X AS a J-AlTOR IX E\A)LUTI(JX. 
liv WILLIAM PATTEN'. 

( A'l'.jt/ -i/'n.' /<. 

I. 

r.vr.!iui(in is tb.e '■-inr.naiii m uf power througli coi iperation. For 
evo’iii:ii'!i, .'O far a.' a 'cieiioe of relative iiieasurcinents can estimate, 
i? a p;■MVe^^ of >eif-niain:aineii growth, or progressive creation: and 
C' ■■ •[ 'eration, w hich is the joint action of discrete pow ers in a common 
ser\;ce. i' ilie only knowtihle \va_\ of creating new things and new 
kna'.' of jiower. It is the co"jH'rative action, for example, between 
tauni', or cells, or organs, or human beings, thtit creates the new and 
larger unit', called molecules, or individuals, or organisms, or so- 
ciety, all of which are endowed, with powers diii'erent in quantity and 
in quality from those of their constituent parts. These larger units, 
with their appropriate powers, tlnn constitute the ways and means 
for further codperatit'e action and. for the creation thereby of still 
larger units with new creative powers. 

The duration and progress of evolution depends on the attain- 
ment of a fundamental rigliteousness in the methods of cooperation, 
th.e ■■ right " method' being attained by " accident." by ” trial and 
error," and bv " design." Tlic proce-s, in any case, is inevitably 
accumulative, or a process of growth, because of the inherent creative 
andi 'aving power of codiperation. 

-\nv change in the existing methods of cooperation either checks, 
or accelerates, the rate of evolution, or modifies its direction, the 
re-tilt depending on the creative value of the change. 

Given equal time and opportunities, the degree of progress, or 
the length of the genetic line, indicates the creative value of the 
metliocls of cooperation that were used to attain the result. The 
methods of internal organic cooperation of the animal, for example, 
have vielcled incomparably higher product' than those of the plant. 

I'KOC. AMER. I'HIL. bOt VQL. LV, FF, Al'G. 19, I916. 
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or tb.e >nail. it is well to inquire wlutt are the lui'ic null'.'"!- ,>: -iruc- 
ture anil orgtinizatiun on wliieh thi' Peneia!- 

In juch an inijuiry. v\e max cainne .>ur atte-.;!' ‘ii to t'r.e i.-ti. rn.E. 
,'tructiire i.ii the iniliviilutil oryami-ni. ignoring, for tiu tune being, 
its external envirianinem ; itir. in the intiin, tlie external enx iron-r.ent 
is a common factor, attecting till kiinU of life in tiie stiine wax ; anx 
special re^pon^e of the indix'iilual to its enx'iri'inment i' ilue to the 
special structure and special internal life of that inilix’i'lutil 

The external eiu’ironinent.s. for exanqile. isf the dog and hi^ 
master, of father and .son. of the hee and the dower, may he e-sen- 
tially the same, but these environment.' will not affect all tlicir rc'i- 
dents in the same way. The things in them that coilperate with the 
life of one may have no exi^tence in the life of the other because the 
inner structure and response of the one to the other is d.ittereiit. 

Thus wnile the initial source of our knowledge eu' lix'ing things 
is external, as our knowledge of these things deepens, it tends to ex- 
press itself more and more in terms of their inner mechaniMu of 
response and in the cooperative action of their various internal parts. 

The older school of naturalists laid too much empha.'is un the 
external environment of the completed individual, and of necessitv 
ignored its complex inner mechanism of rc'ponse to the outer 
world, because that mechanism was inaccessible to them The more 
modern school of genetics lay.s too much stress on the beginnino- of 
individual life, on the assumption, expressed or implied, that at the 
beginning of things, the solution of vital problem.' is simpler and 
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ca'icr. ani! tbat thuir s.jliuion carric' the 'ulution of end results 
w iili the!n, 

riii' is (inl\ a fraciidii nf the truth. The heg^innin" of life is 
a: ipareiiih simpler than the end l)ecan,'e fewer (luestions are asked. 
I'l'e later structure' ha\e not at that time arisen and do not then call 
for exphination. Hut no formula for .Mpha will serve for (.Imega. 
]fver\ pha'c ;iud stagm of life hring' it' own problems: each one has 
it^ own creati\e power. The hiolmji't must consuler each of these 
problems a- the}’ ari'C. indi\iduall\ ;md orgtanically ; Itotli as inde- 
pendent units and as dejtendent members of a genetic series, or 
org.anic whole. For each plia-e of life is created In’ that which pre- 
ced.es. and is the creator of that whicii follows, p'or this reason, 
while ever\ science i' tributarv to every other science, each one is 
the riglilful arbiter in it' own field. The socic.ilogist. who now leans 
too heavily on the biologist, is as likely to be led astra}’ as those who 
formerly learneal too heavily on the tlieologian. The true sociologist, 
like the morpliologist. is master in liis own held, and in things socio- 
logical it is his bu'iness to teach the biologist and the theologian. For 
he alone is best able to estimate the creative value of the cooperative 
innovations upon which each stage of social progress stands, just 
as the morphologist can best estimate the creative value and direc- 
tive influence of perforate gill clefts, and the four-chambered heart, 
or a particular mode of dentiti<.'>n. without reference to germ-plasma 
and chromosomes, and without waiting for the students of heredity 
to decide for him whether acquired characters are inherited, or not. 
The morpholitgist knows that the tongue, the hand, the brain, the 
.skeleton, and the yolk of the egg have a directive and creative value 
that i.s whollv their own product, a value which can never be meas- 
ured in terms of chromosomes, or in terms of any other remote 
antecedent conditions, any more than the properties of water, or 
jirotoplasm, or consciousness, can be measured, or be profitably dis- 
cu"ed, in terms of chemical elements. Each part and organ, at each 
stage of its progress, must be measured in terms of its own e.xisting 
properties, not in those of its constituents, nor in those of remote 
antecedent cemditions. 
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H. 

That cii ipcraiiKU i- an imp' irtan: a^cnt in 'nnni.in anO in aiiinial 
societies has often heeii reCnLrni/.eO, hill. ,'ii far a' I’.ie ar.tliMr 
aware, it lui' a!wa_\s l.'een Ceiii'iiiere.i a^ 'onieiinn.e; r.nn-'.ial nr ex- 
ceptional in iKiture. anO; lia= 'oeen cliie'iv t>r 'nu-O. aiiriinnti; tp.c 
instinctive e^r intelligent action' of .'ucia'. organi'iii'. 

e maintain, however, that cooptrati.in i' a iini\er',il ciaatiie 
anJ preservative agent. Its sp'.iere of acii\it\ incliiile,' en>inic. to 
well as organic, social anO nientti! proce''e' : it' (:irirt:\i intliience 
is as commamling in the one t'lel I ti' in t'le ut!u r. ami it' creative ami 
preservative power is no Ic'' effective whetiter it i' calie.', into action 
by " trial and error.” or h} ” acci'lent." or hv " de'ign." 

The broader interpretatir.n Iterein preipO'Oil proviihs a rational 
basis for tlie idcntiiicaiton of I'.ie twci great protagonist' in n.itina : 
construction and rlestruction : it r.elii' u- to vi'r.alire th.e evoltiticin 
of world power through th.e Ceinver'ion of disorder into oiakr; a.nil 
it provides a common starting point, a commem agency, aiv! a com- 
mon terminology for all students wliiO'C subject matter is th.e [iro'luc; 
of evolution, or growth,. 

The familiar terms ” evolution.” the " struggle for exi'tenco " and. 
the ■■ survival of tlie fitte't ” are essentiallv meaningless and. unsatis- 
fying terms because they fail to indicate what is good and what is 
evil, or to give any comprehensive explanation of how things come 
into being, why they endure, and how they increase in power. These 
questions lie at the root of all organic or inorganic products ; t’ley are 
the fundamental questions which all sciences and all rLligions seek 
to answer. 

Tut when we realize that evolution is the summation of power 
through cooperation, that what we call “ evil " is that which prevents 
or destroys cooperation, and ■' good " is that which perpetuates or 
improves cooperation : when we realize that the “ struggle for exist- 
ence ’’ is a struggle to find better ways and means of cooperation, and 
the “fittest” is the one that cooperates best — wc shall then realize 
that science and religion and government stand on common ground 
and have a common purpose. Until this basic truth is recognized 
there can be no common goal for intellectual endeavor ; no common 
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rules fur iiiilividual and social conduct ; no common standard of 
what i> rigiU and what is wrong: and no common knowledge of 
that which creates and preserves and that which destrovs. 

lhat all eV(ilution, or growth. i< the summation of power through 
Cooperative action is a.xiomatic. Hut while this a.xiom does not 
defiite what power is, nor what th.e nature of the ultimate act of 
cooperation i.', it goes far towar<i 'atisf_\ing our intellectual demand 
for some universal in^tn^nent of creation and preservation, and at 
the same time it provides u.-- with a single standard for the measure 
of service. For service is always the product of ci'iuperative action; 
it is that which creates and preserves new products by new wavs 
an<i means of coCperation. 

Hut the e.xtent to which cof'peration is attained depends on the 
extent to which " righteousneS' " is attained; for cooperation can- 
not take place except the right things are brought into a definite time 
and -pace relation to one another. The chief service of cooperative 
action, therefore, consists in the conveyance of the right kinds of 
power to the right times and places for further cooperative action. 

The universal measure of progress, therefore, is the progress of 
cooperative action by the part and the whole for the part and the 
whole. 

In the world at large, progress is measured: (i) by the diversity 
of its products; (2) by the power of these products to sustain one 
another through mutually profitable exchange; and (31 by their 
power to create, with the profits, a better system of cooperative 
service. 

In the organic world, the individual plant, or animal, is created 
and preserved: (T) by its internal system of organic cooperation; 
(2! by its cooperative response to the larger cosmic processes in 
which it resides: and (31 by its cooperation, directly or indirectly, 
with other living organisms. 

And the welfare and security of the entire fabric of organic life, 
and of its highest products, is as-ured by conserving the welfare and 
security of all its coi'perating parts. 
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in 

I’>ut evcr\' aHalv'!-! I'l nature IcaiK tn tin- iitu-'iion ni i^r.iNsih, inr 
growth is tWLTywhcro tin unikTi\ ::ig [I'.-.eir rnrni m in e\"luti'in. 
While the lia'ie impetii' Id gru-Ath i' ilntiiitk" innkni iw aiile, tlu- 
conditions which dnert. rc'trict, nr hherate that iinpeui' ina_\ he 
observed :ind estimated. 

I )ur interprctatmn nf ntr.nre i' ha'vd lart;el_\ nn the inllnAing 
conclusions cnncerniiig grnwth.. which are lurewith 'iihinittch wuh- 
out, fijr the pre^ent. further i!i'CU"!nn nr d.cieii'e 

1. Morpholugc i- the >cience of fnrm. anil fnrin i- the niitwar'l 
expression of growth. 

2. The vis a tergo in life i.' the prenluct nf internal Cnnpcra'.i'. e 
exchange i metabolism o 

3. Growth i^ profitable e.xcluinge with th.e niu.'id.e world, or th.e 
local accumulation of tliO'e agent> wliu^e ilemand' are the impetU' 
to exchange. 

4. The rate at which growth prnceed< depend'! 1 j 1 on the in- 
herent nature of the grciwing point, or its altinit> or ■'demand" for 
more materials; 1 f> 1 on the distnliution of supplies: ici on tlie 
capacity of the conveyer^, that is. on their capacity to convey com- 
modities to and from the growing points, or the gre'iwing points to 
the sources of supply : andi 1 d 1 on the conperaiive. or creative, value 
of the service rendered bv tlie exchange. 

5. A local population of molecules, cells, or human beings, can- 
not give or take more than the existing conveyers can carry : nor can 
exchange take place be_\ond the point where delivery and removal 
can be made. 

6. The capacity of a conveyer depends on the load it can carrv, 
the distance it can be carried, and the speed. The factors, load, dis- 
tance, and speed, vary with the commodity : and different method> 
of conveyance are required for different commodities. In human 
society, there is one method for the individual man, one for water, 
coal, groceries, and ideas. In protoplasm, different methods are 
required to convey .solid and liquid foods, oxygen, and waste prod- 
ucts, or to transmit light and other stimuli. 

7. In all such cases, the capacity of the convevers is limited. It 
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IS tc-niporarily liiniiol !n the iiiethiuF of constructing', or arranging, 
the Conveyer-: these methods ma_\ be clianged or improved. It is 
permanentl_\ limited by the inherent nature of tlie cunvcver. and by 
tlie nature of the thing- to l»e conve_\ed: these conditions cannot be 
iiKiditied or iniiiroved, 

8. I’.ut there are no limits t'> the demands for more materials. 
f<'r the old demands remain till -atished. and being sati-fied, create 
new ilemand.s. 

[). W hen nitmy commodities are reijuired at a given point at the 
same time, the rate of greiwth is determined by the maximum ca- 
pacity of the slowest conveyer. 

TO. .Since there are unlike local rates and directions of conveyance, 
unlike local growths ari-e. unlike in volume, or in quality, or in both. 
The-e proihicts of growth become the new agents by whose coopera- 
ative action further growth is made possible. 

Evolution, therefore, is not due to the subdivision of labor be- 
tween like units : rather is it that growth inevitably creates different 
kinds of laborers thereby making the subdivision of labor the im- 
perative condition of their existence. 

(irowth. therefore, creates the power which is used to satisfy its 
own demands, and a snipir.s power, or profit, for freedom of action, 
which is then used to experiment and explore, thereby finding better 
ways and mean- of satisfying its demands. 

The same principle may be expressed in commercial or economic 
terms in-teail of dynamic terms : progress cannot take place unless 
the creative value of the service performed pays the cost of the 
service and yields a surplus profit for freedom. Freedom then be- 
comes the instrument for the discovery, or invention, of better ways 
and mean- of service. 

II. Growth inevitablv creates diversified conditions which tend 
to check its own progress till released by better cooperation. For 
growth reduce- the immediately available supplies, thereby requiring 
greater expenditures to procure them : moreover the new internal 
conditions createil by growth create new products, with new de- 
mands, faster than the right ways of administering them can be 
found. 

In order, with diminishing supplies, to meet the increasing de- 
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nianJi oi a gruuiiig huEu, :lic co;!\e\LT' iiu’.'; iiIiiinatcK Uc ir.il'i/a-'l 
to tliL-ir full cajiacit} : when that jmuu 'o a',iprMao'iKi;. tiu- rate .if 
growth will tliniini'i’. li>r th.e expenilratre- i'.r aeiue'.tince will teu.l 
to exceeJ. tile Creative value of the pr...'uct'. Ih.e prev iut;-; rtit^ nt 
grow th ctiii then unlv he maintaineil liv eCei;'ii.;iiiz!itg. nr n.uprnv utg. 
or bv exteniling, the w t;\ s ami ineaii' nf ctvnv eyttnee I h.ai t' to 
^tiv, either the line> etf convevance ir.iU't be lenethetiol. nr tile rate 
of conveyance accelerateil. or the powers of penetrtrunn incrLti'e-’l. 

Ilut better convevtince >inip'-y nuans better nietbinil' nf cn 'perti- 
tion to tliat eml between the ohler proiinct' n: grnwth. ; t'.t.-.t U'. it 
nieati' the uoing of those methods w'nich ytebl nicr-e ;>rnhtable ex- 
change, cc wlticii create -lill nmre vn'.nnn:tnt;~ am; h.iv er".i;e'l p"n'l- 
tict'. Ti'.ese new proiluct' then constitute the new nietiti' tn a >ti!l 
larger end: for the creaiic>n of diiver-ihed pmEiuct^ i' c'-e-itia'. tci 
tile invention of new meth'Kle of organic co. .pertiiicai. 

12. Growth, therefore, is aiito.niatica'Iv cnntre'illed. I'or siticc t''e 
rate and the extent of growth depemX on th.e capacity of its cn--.- 
veyers. growth will be checked whenever the new demand;> createdi 
by growth approach the full capacity of its conveyers, and it will he 
relea'ed when better ways anil mean- of conveyance havt. been 
found. Thus growth always tendis to outrun enbperation. and. better 
cooperation always produces more growth, with new inperfectioii' 
which still better cooperation alone can remedy. 

13. The rate and direction of evolution varies greatly from time 
to time, according to the methods of cod.peration utilized.. 

These changes of pace and direction in evolution are the real 
ba-is of our systems of classifv ing the organic and inorganic prod- 
ucts oi nature. 

14. The principal kinds of conveyance in the interna! organic 
life of the individual are nervous, alimentary, vascular, and excre- 
tory; in the external life they are cosmic circulation, locomotion, 
and communication. All the epoch-making events in organic evolu- 
tion are due to the introduction of better service in one or more of 
these methods of conveyance. 

15. The changes of pace in organic evolution, following the adop- 
tion of important improvements in cooperation, in retrospect appear 
as gaps of larger or smaller magnitude, between classes, orders, and 



l'ATTi:.\~L( )( )Pi-:kATI( »X AS A FACTOR IX E\ OLUTIOX. 511 


'pcoic-'. 'i'hc^c apparL-nt gaps would still be present, eve-n though the 
record- \\ ere complete. 

III. (irowili follows the ea-iest and most profitable lines of con- 
\eyance. and it.- proiluct- accumulate along the lines of least resist- 
ance. Thu- the form and structure, or morjihology. of a given 
urgani.-ni i- the physical machinery of life and the outward expres- 
-'lon Ilf it- internal method- cif cooperative action. Life ( phvsiol- 
Oi,yv I i.- the :ict of creating that machinery. 

’Ihe rapid rate, the certainty, and the precision of embryonic 
growth reveal the efhcienct of the initial, established methods of 
organic cooperation. The universal onset of individual senility and 
I’xath — the one the accumulation, the other the culmination of un- 
codrdinated growtii — reveals the present imperfections in the methods 
of organic coiiperation. Hut the per]tetual renewal and reinforce- 
ment of indiviilual life, to which evolution testifies, reveal the larger 
process, and are an assurance of the immortality and perpetual prog- 
ress of organized nature. 

17. Cooperation in the inner life of the individual is a pre- 
requisite to cooperation in the outer life. It is the means by which 
it attains greater power and that larger physical volume that inevi- 
tably goes with larger power; and this larger organic power of the 
individual is the instrument by which it finds the larger sources of 
supplies, and the better ways of cosmic and social cooperation ; it is 
the instrument by which it attains that which is good for itself, and 
avoids that which is evil. 

And the demands of its larger volume is an added obligation for 
better internal and external cooperation in self-preservation. 

18. The same laws which prevail in the inner and outer life of 
animals and plants prevail in the social life of man. IMan's social 
progress is measured by the degree to which he has extended the 
mutually profitable give and take of cooperative action beyond him- 
self. into the family, tribe, and state, and into the world of life at 
large. The chief agents of civilization — language, commerce, sci- 
ence, literature, art. and religion — are the larger and more enduring 
in-truments of conveyance which better enable the part and the 
whole to avoid that which is evil and to find that which is good, and 
which yield a larger surplus for freedom. 
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1 \'. 

Let u> cuiisiiter a few .-peeial ca'c-' that ’iia\ .'er\e lo make uur 
meaning clearer. W’e .<ha!l have space to refer ;<i a fevS' nf the mure 
important point> onl>. 

Let 11' a'Sume that eipial unit' or celL are gr.vwing nmler uniinrni 
conJitiuns. ^u^penlle(l in a meiliiun fri'in uhicli thi.\ ihaw tlieir 
varied 'Upplies. Such units will tend te> form a '‘>!id 'phere, in- 
creasing in V(.)lume till it' raddu' is netirly epual in length tu the 
longest line of convevance requi'itc fur metaiHili'in ihig. i. .!i. 
The sphere might enlarge he\ond that point, hut if it diii. an ever 
larger central space wouhl be formed, fillod with tliiid. or lUin-liN'itig 
materials and the thickne>' of its living ualL couM no: be greater 
than the longc't line of ettective ceinve\ance through pn.aopla.-m. 
nor le'S than the one necessarv for structural stability, or ci.ihesion. 

Growth in a spherical form beyond either of thc'c limits, would 
be impossible. But since there are more such lines of exchange, in 
a cylinder or cli'C. with two or three unlike axes, than in a 'piiere of 
equal volume. H' fast a> all of the po'sible lines of conve_\ance are 
occupied, the spherical body, of necessity. aS'Umes a more and more 
discoidal or cylindrical form. C. E. This change of form cannot 
be regarded as an extraneous "variation" to accommodate growth: 
it is the inevitable result of growth attaining it' fullest expression. It 
marks the successive steps in the attainment of the maximum length 
of the lines of convevance. the attainment of the maximum numlxT 
of such lines, and the accumulation of the products of growth along 
the lines of least resistance. 

When the cylindrical, or discoidal. body has reached its limits of 
growth, still further increase would be possible by opening up the 
interior, D. But here again the increased dimensions attainable by 
this improvement in conveyance are limited, for the walls could not 
exceed a definite thickness without the formation of a new barren 
area ( cnelomic cavity) between the inner and outer surface of the 
walls, and when that limit was reached, growth should again cease. 

But the inevitable effects of these changes, even if we assume that 
no minor complications arose, would be very great. They would 
tend: ( i) to orient the cylindrical, or di^c- 5 haped hoclv to the chief 
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external lines e)i furoe rie'tiiie; uptui it; (21 to iletermine its own 
direction ui movement, and therein' determine it' distribution in 
.'ptice ; I ! to establi'h definite internal lines of conve_\ance. unlike 



Fig. I. Diagrams indicating the lines of exchange in a hr-po- 

thetical growing body suspended in a nutrient fluid, and the form and 
structure it would assume it growth followed the lines of easiest convey- 
ance and its products accumulated along the lines of least resistance. 

F-1. Diagrams to illustrate how local inequalities in radial growth would 
be obliterated and the original asymmetry restored by the tendency of the 
other parts to grow along the paths of least resistance. 

J-L. Diagrams to illustrate the conversion of radial growth into the 
apico-bilateral growth, the body of the radiate type. /. becoming the head 
of the bilateral type. L. The new cylindrical body supplants the old spher- 
ical one owing to the greater economic advantages and creative power of 
linear and bilateral distribution over radial distribution. 
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in direction, in content, and in 'peed; solid bodies pa"ing freely 
in and out of the interior, and tariuus other aitents jia-'ing ihrougii 
the walls front within outwards, and still dilfereiit agent' in the 
opposite directions from without i^ward^ : and 141 the chtunicter of 
rite structures produced along the lines ainl point- of unlike condi- 
tions would necessarily he unlike in texture and arrangement. 

Thi- purely hypothetical case is cited to show that a progressive!;, 
diversified structure, reacting to the out-ide world at etich succe-- 
sive stage in its own peculiar way. is an inevitable accompaniment (jf 
growth, whatever the inititd nature of the growing material mtiy be. 
That is. the form and the structure of such an organism are tlie 
resultant product- of an internal growtii. wh.ich fu'.low^ the line. - of 
easiest convetance, and whose products accumulate along the lines 
of least resistance. And tlie structure of the organism so proiUtced 
determines its reactio.n, a- a whole, to the outside world, ( >n tlie 
cooperative value of that reaction depends its survival, or elimina- 
tion, or the particular time or place, or spliere. of external environ- 
ment within which it may emliire. 

The obvious conclusion is that it is futile, and essentially unsci- 
entific in method, to seek for the " explanation " of the structure and 
function of an adult organi-m, in terms of germinal units, when the 
only e.xplanation " to be found, if any, is in the analysis of a long 
series of internal and external conditions, and when the things to be 
explained are the last terms of the series, not the first. 

A body produced in the manner indicated above would have the 
essential characters of a radiate animal, or one growing at equal 
rates along its corresponding oral radii. Tw-o principal modification- 
of this method of growth might arise, due to some constant local 
condition : namely increased tangential growth, or increased growth 
along one radius. The former, if carried to an extreme, would tend 
to form a spiral, or might revert to the original radial form (Fig. 
I, F- 1 ). Such a method of growth carries with it obvious mechan- 
ical difficulties and no apparent advantages. The uniradial method, 
if carried to an extreme, leads toward the bilateral tvpe of apical 
growth, and carries with it those great mechanical and economic ad- 
vantages which have led to its retention and elaboration in all the 
more highly organized animals (Fig. i, J-L). 
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j!ut none of the higher animals begins its life as an isolated point 
witliin a nutrient solution. It is true that an adult animal may be 
se'>i!e or free, and the mode of life adopted has an important mould- 
ing influence on its form and action. Hut what is more important, 
becau-e more constant and universal, is the fact that practically every 
inilividual metazoan, from the very out'et. begins its life as a sessile 
(irgani'in, for it i< attaclied to a more or less inert spherical bod\ ( tlie 
egg _\o’.ki. wliose store of non-living content> tends to increase in 
volume witli the progress of evolution. The growth of the embryo 
is initiated at some point in that body, usually near its surface. 
L'uder these conditions, the products of growth inevitably tend to 
ttike on the form of a four-layered film, growing in an apico-bilateral 
direction, with a distributing space, or coelom, between the layers, 
because that way provides the most economic solution of the initial 
problems of exchange upon which growth depends, and the most 
accessible places for the accumulation of the products of growth : 
moreover it is the only way in which the more voluminous specialized 
growth of the higher organisms can take place. 

The volume of the egg. or its circumference, at once determines 
the distance the film has to grow in order to enclose the yolk, and 
the volume determines the amount of growth that may occur before 
taking in new food supplies from without. But the volume of the 
egg food cannot change tiie graded sequence of time and space con- 
ditions that must inevitably appear in a film growing over the surface 
of a nutritive sphere. 

These graded series of time and space relations determine the 
basic lines of conveyance and growth, which in turn are e.xpressed 
in terms of structural gradients, or axes and surfaces, such as the 
gradient to the right and gradient to the left, gradient from head end 
to tail end, from the neural surface to the htemal surface, and from 
the outer layers to the inner layers. 

The fact that in all apico-bilateral growth the lines of unlike 
time and space conditions created by the progress of growth coincide 
with unlike morphological structures is presumptive evidence that 
these conditions are essential factors in the creation of those struc- 
tures and that they arc the underlying cause of the homologies in 



516 PATTEX— COUPEKAT1(jX AS A I'AlToK IX E\ i )LL'TIOX. 


serial organs and concentric la\ers which jircvail throughout the 
entire >erie‘' of segmented animals. 



Fig. 2. Diagram to illustrate tlie transition irum the radial to the 
apico-Iateral type of growth, in an arachnid embryo .growing C'n a spherical 
yolk surface. 

A-C. Surface view showing relation of the gastrula stage (radial type) 
to the apico-bilateral t.vpe ; also the relation of marginal growth (concres- 
cence), apical growth, blastopore, primitive mouth, and telopore. to one 
another. 

£>-G. Same, in transver.se section. 

H-/. Longitudinal sections showing the four primary channels of e.x- 
change, nervous system, alimentary canal, heart, and coelom. 

With the growth of the film around the egg, the great landmarks 
in the morphology of segmented animals may be definitelv located: 
namely, head and tail end. right and left side.s. and neural and 
haemal surfaces: and the three great channels of conveyance: nerve 
cord, alimentary canal, and heart, with the segmented channels aris- 
ing from them, are definitely established I Fig. 2 ). It might well 
be said that these landmarks are as unmistakable as the north and 
the south pole, or the right and left hand, if it were not for the fact 
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that thc\ arc ijcr>i>tentl_v coniU'ti! in practically all of our text books, 
a cnndition chictl\ due to the incubu- of an ancient terminolugv that 
i'.ad it> ungin lie fore the i!a_\s ui enibrvokigv : a tenninologv based 
lilt t.ie jio-'UKin Ilf the animal in locomotiiiii. not on it' internal struc- 
ture ;ind it' mode of growth. 

1 he jieculKir advtintages of bilateral ajiical growth over the radial 
pl:m. are tipjiareiu when we examine the enibrxo of one of the higher 
invertebrate', 'iich ;i' a 'Corjiion. nr Limidits. where all the impor- 
t;uu orgtins are clearly lani down in triaxial gradients coincident with 
thie duel line' of Convex ttnce i b ig. 1 n 



Fid. 3 . Dia.gram? (mercator projection?) of arachnid embryos show- 
ing how apico-ljilateral growth on a spherical surface follows the lines of 
easiest conveyance and least resistance, thereby determining the chief mor- 
piinlngical feature.? of the embryo. From Patten, "The Evolution of the 
\ ertehrates and their Km." 

In the radial plan, there are only two unlike sides, oral and 
aboral, while innumerable homologous points on corresponding radii, 
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ill their time and space relation> tu the whi'le. ;ire alike. In th.e 
apico-bilateral plan, there are unlike ^ide.-<, aiul irj two point' ii. 
the whole bodv are exactly alike. 

It is this greater diversity in a (Cal condition', cap.ihle oi infinite 
expansion, that ultiniately cretites in the hit;her. -eeniented animal' 
the greater diveraitv in L>rg,inic product.-- ,'0 e.'>eni!al to ciii 'peration 
and the sutidivision of labor. 

-\t the same time it will be (.ib'erved tiiat th.e location of the 
^■ario^ls organs fixes the lucatioin of the point' c.f intake anil d.i'cliarge 
of special commoilities tliercby establishing a certain ntCe-^'arN- rirkier. 
or sequence of events, in the passtige of the.'e comm ih.tie.' th.roueh. 
the three great channels of conveeance. 

But a linear arrtingement of many 'im.ilar org.ii'o. -ri cli.iracter- 
istic of primitive metamerism, would not. in the more voluminous 
stages of the higher animal', give fullest expres-ion •.h.e l.itw.'.: p"'- 
sihilities of apical, bilateral growth. That i' bri •tight about liy th.e 
gradual breakdown of metamerism, mo,-: clearly marked, at the 
Cephalic end. and chiefly diue to the redmcti-jn in th.e number o: 
multiple parts and to the concentration of functions acccirding to 
a definite linear order at th.O'e points be-'t tittedi {• if th.e pe-rformance 
of their function. That is to 'ay. in the retirra.ngement of organs 
that inevitably follows increa'e in volume, or in the '■ competition " of 
organs for position, each function, as in a growing, well-organized 
factory, tends to become established in tliat place in th.e- 'ystem where 
it thrives be-t, or cooperates best, and for that reason i' best able 
to perform its function. And thi' tendency will be perpetually 
operative because of the greater cooperative and creative value of its 
service to the whole organism when it is so placed. But anv arrange- 
ment of functions must be subject to the previously established fun- 
damental order of inflow and outflow through the three great chaui- 
nels of exchange: nervous, alimentary, and vascular; to the mechan- 
ical requirements of organic and bodily movements ; to the inherent 
limitations in the tensile strength of protoplasm : and to its powers 
of resonant response. 

The history of the evolution of the arthropjod-vertchrate stock, 
covering a period of many millions of years, is chiefly the history oi 
the growth of old organs, the addition of new ones, and the per- 
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Fill. 4a 



Fii.,', 4a and 4b. Diagrams illusirating the embryonic development of an 
arachnid embryo and the h\ pothetical transition stages to one of the vertebrate 
type. For further exlanation, see Patten, " The Evolution of the Verte- 
brates and their Kin ” 

petual readjustment of the new and the old to one another in such 
a way as to give better organic cooperation. And because of this 
improvement in organic cooperation, the individual organism in- 
evitably increases in volume, in power, and in freedom. 

PROC. AMER. PHIL. SOC., VOL. LV, GO, AUG. I9, I916. 
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If we compare the enibrvo of an arachnid, scorpion, or Limulus, 
with that of a jjrimitive vertebrate, the basic similarity in their mode 
of (growth, the arrangement of their jtart', and tlte natural transition 
of one type into the other, i-^ clearly apparent ( Figs. 4a and 4b ). 

In both cases, there are in their appropriate places, the medullary 
plate, the chief sense organs, the neuromeres, -omites, lateral plates, 
heart, primitive .'trcak, notochord, and germ cells: there is also the 
inevitable concrescence of the germ-wall as it 'prcads in an apico- 
bilatertd direction over the spherical surface of the egg. as well as 
nianv other more dettiiled resemhiances that we can not go into here. 

All these structural resemblances show that the chief points of 
intake ;md di'charge, the basic routes for the conveyance of com- 
moditic', :ind the seipieiice of way stations and terminals, that are so 
characterl.■^tic of the vertebrate stock, are already well established 
in the higher members of the arachnid stock. 

Rut there are some striking differences which we will briefly 
con>ider. as they also illustrate the principles we have in mind. The 
three most important ones are as follows : 

1. In the arachnid', the stomodteum. orcesophagus. passes through 
the floor of the medullary plate, while in vertebrates it lies in front 
of it. 

2. In arthropods, there are several pairs of jaw-like appendages 
which are located on the neural surface, and which, in chewing or 
biting, move alternately in a right and left direction. In typical 
vertebrates, the jaws consi't of one or two unpaired arches, the 
posterior arch being freelv movable in an antero-posterior direction. 

3. The gill chambers of the vertebrates open into the alimentary 
canal, while, in arachnids, they do not. 

In at least two of these cases, the diff’erences are more apparent 
than real, for the prevailing methods of growth in the arachnids, if 
carried further, would iiltimatelv lead to the conditions found in the 
vertebrates. 

That is to say, the concentration of the cephalic neuromeres in 
the head region of the arachnids has already narrowed the stomo- 
dreal opening through the floor of the forebrain to a minute canal 
barely large enough for the passage of fluids, therebv compelling the 
great majority of arachnids to adopt a liquid diet. 
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^Moreover the arachnid medunar_\ ]i!atc. by a process of enihrxonic 
invagination and overgrowth, barelv falls 'hurt of formintr a closed 
chamber. Neither of the^e procc'SC' coiihl be carried much further 
without either complete'} coii'tricting th.e i e>o[)hay’'u>, or 'luiitiips^ up 
the mouth in>ide a hollow brain. Such an even: wouhl be fatal 
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unless a new opening into the alimentary canal were already available 
elsewhere. Such an opening is available in what I have called the 
cephalic navel, a temporary embryonic opening into the enteron, 
lying on the htcnial surface of the embr_\o in a region corresponding 
to that where the vertebrate mouth is located. 

W hat has probablv taken place, then, is this : in the vertebrates the 
ohl invertebrate resophagus ( Fig. 5. .i 1 has been gradually choked 
up by a vigorou>ly growing nervous system and its external opening 
com])etely enclosed within the brain chamber. A new entrance to 
the alimentary canal was then established through an old channel, 
of unknown signiticance, in a more convenient place. The remnants 
of this old. shut-in mouth and cesophagus are still conspicuous 
features (otherwise inexplicable 1 in the brain of all vertebrates, 
f. c., the infundibulum, the saccus vasculosus. and the large opening 
in the roof of the fourth ventricle, now closed by a thin membrane, 
the choroid plexus (Fig, 5, 5 i, 

The position of the jaws is also changed by the same cause, for 
the great size of the embryonic forebrain, at an early period, lifts the 
head of the embryo oft the surface of the egg. and forces the jaws, 
or oral arches, apart, toward the htemal surface, where they con- 
verge around the new oral opening (Fig. 4, 31-34), At least three 
pairs of arches are involved in this movement, and the important 
steps in the process may still be observed in many vertebrates. 

The transfer of all three pairs of oral arches to the haemal sur- 
face may be readily observed, although heretofore overlooked, in 
frog embryos (Fig. 6). Their ultimate union, along an elongated 
median depression, gives rise to the fronto-nasal process, the maxil- 
lary and mandiblar arches, and gives us the key to the morphology 
of the facial region in all the higher vertebrates. 

Similar conditions may be seen in the adult stages of a very 
primitive living vertebrate, INlyxine (Fig. J.E], and also in the 
Ostracoderms, which form the connecting link between the giant 
sea scorjtions and the true fishes. In Bothriolepis (Fig. 7, A') both 
the maxillary and mandibular arches are provided with bony plates 
located on the htemal side of the body and which work against each 
other in a transverse direction, thus furnishing an instructive tran- 
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sitional stage between the topical artiiropi'id and ivpieal tertebrate 
jaws. 



Fig, 6 Development of the jaws of the frog. The figures show the 
presence of three pairs of appendage-like oral lobes of the arthropod t\pe, 
their migration from the neural to the hsemal side of the head, and their 
union to form the transverse unpaired upper and lower jaws of the verte- 
brate type. From Patten, " The Evolution of the X’ertehrates and their Km.’’ 

Evidence of a similar condition is seen in man, for one of the 
chief events in the embryonic growth of his face is the concrescence 
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of several pairs of oral arches to form the unpaired jaws, and some 
of the adjacent organ- of the adult (Fig. 8). 



pairs of oral appendages similar to those in the frog embrro. F, Bothrio- 
li'tis. an ancient, e.xtinct animal of vertebrate affinities, with mouth parts 
intermediate in character lietween those of arthropods and xertebrates. Erom 
Patten. "The Evolution of the Wrtebrates and their Km." 

The conditions that led to the opening of the ingrowing gill 
chaniliers into the outgrowing enteric diverticula are not ajiparent. 
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although such an opening ^eem^ to have tak^n phice at ?e\eral 'Ulte: 
ent times in the evolution of the araciinul 'took. 



But the facts ^ve wish to emphasize here are that the communica- 
tion in vertebrates of the gill chambers with the alimentary canal has 
two very different elfects : ( i ) it greatly increases the respiratory 
power by directing the respiratory current through the gills in a 
constant direction, that i', in at one side and out the other, instead of 
in and out through the same opening: and (2) it at once make- 
it impracticable to carry on digestive action at any point in front of 
an open visceral cleft. 

The thyroid gland is doubtless the remnant of the prebranchial 
digestive glands, modified, or temporarily thrown out of commission, 
by the opening up, in this manner, of the visceral clefts ( Fig. 9). 

The corresponding organs of the arachnids ('scorpion') are vol- 
uminous thoracic, or prebranchial, digestive glands, which in their 
grosser morphological relations, and in their histological structure, 
strongly resemble the thyroids of vertebrates. 
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These dittcrences between the mouth, jaws, and gills of verte- 
Lates and tho'C- of the arachnids are as significant, therefore, as the 
re.--einl)!ance', and point to the same conclusion. For the peculiar 
condition.'; found in the vertebrates are seen to be the inevitable result 
of the conditions prevalent in the arachnids: here, as elsewhere, 
growth inevitably occupies the easiest paths of conveyance, and the 
products accumulate along the paths of least resistance. 



Fig. 9. Diagrams indicating the probable manner in which the arachnid 
gill sacs, in vertebrates, come to open into the alimentary canal. The usage 
of these passages for respiration prevents their usage for digestion. The 
anterior haemal outgrowths, which never communicate with gill sacs, give 
rise to the thyroid glands. A, scorpion. B, hypothetical transition stage. C, 
vertebrate From Patten, " The Evolution of the Vertebrates and their Kin.” 


In these particular cases, the forced migration of the jaws to the 
htemal surface, the formation of a new mouth outside the medullary 
plate, and the opening of the gill sacs into the. alimentary canal, 
re.sult in mechanical and economic improvements of the greatest im- 
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portance. The great couperative value rii tlu'e imprnvcinents led to 
the rapid expao'iou and the readjustment of nther orgtm'' expre>'ed; 
in the term evolution, and the increased rate witli which tlic'e event' 
follow one another is perhaps the chief rea'"'.! fur the kirge gap. in 
retrospect, between rite vertebrate' and their mure imnieduite tirach- 
nid ancestors. 

\'. 

The special cases above cited are peculiar mily in the magnitude .o' 
tiieir ensuing results. The principles involved are umwr'al. It i; 
because the rate of evolution and the creative value nf it' prodaict' 
vary greatly from time to time and place tij place, tlitit there i' tiny 
real basis, historic and vital, for classification. I: l^ tlii' hi'turic 
process and its sequence of causal con'lition.' th.a: our .'t-teiU' of 
classification tend to portray more and mc>re fully. 

Classification is not merely the arrangement of animate and in- 
animate things according as they are like or unlike, any more than 
history is a mere record of events. 

Classification is history in tabloirl form. an<! there is little value 
in either one or the other if they do not in 'ititue mea-ure expre.ss 
the change of pace and direction of evolution and the creative value 
of the innovations that produced them. 

There would still be great epochs in history, hciwever complete 
the records might be ; for the same rea'on. the traimition from a 
lower class of animals to a higher one will alway,' appctir, in retro- 
spect, as a relatively large gap. marked by the appearance of a few 
cooperative characters of small magnitude in themselves, but of 
great creative value. 

A familiar example of this principle is seen in the transition from 
fishes to amphibia, where the chief event was the apparentlv insig- 
nificant enlargement and short-circuiting of one of the branchial 
blood vessels. This event ultimately led to the substitution of lungs 
for gills, and to many other changes of far reaching importance in 
the internal and external administration of their lives. 

The four chambered heart; the hot. even tempered blood: pla- 
cental nutrition : ami articulate speech, are other examples of those 
incidental products of growth, whose appearance is epoch-making 
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in evolution, because of their extraordinary cooperative value and 
their power to create new instruments of conve_\ance. or to reach 
new sources of power. 

\I. 

In the ailniini<tration of the outer life of the individual, the same 
laws of growth prevail as in the inner life. That is. group growth, 
or increase, in the number of individuals follows the easiest lines of 
conveyance ( of supplies to individuals, or of individuals to supplies') 
and the products of growth accumulate, provincially. along the lines 
of least resistance. 

And the indivitlual itself is subject to the same law of cooperation 
as are its own internal constituents. It cannot endure except in so 
far as the new problems in the external administration of its life, 
that are raised b}' increase in numbers, are solved by the use of better 
methods of coiiperation with other individuals and with the phvsical 
conditions outside itself. But the very power essential to that end 
is the power which is created within the individual by its methods 
of internal organic cooperation between muscles, and nerves, and 
other organs. Thus there are five principal methods of coopera- 
tion essential to the evolution of life: ( O Cosmic cooperation: ('at 
internal organic cooperation: ('3'! external cooperation of the indi- 
vidual with its physical surroundings: (4) external cooperation of 
individuals with one another (internal social cooperation') : and (5) 
cooperation of groups, or classes, of individuals, such as plants and 
animals, or different nationalities, with one another (external social 
cooperation 1. 

VII. 

Vhile the chief gain, result, or end in life is the perpetuation and 
aggrandizement of the individual unit, there are two distinct and 
mutually supplementary methods, in the long run, of attaining that 
end. namelv : for the individual ( 1 1 to take all it can get. and ( 2 ) to 
give all it ha^ : because thereby a larger product is attainable than 
can be attained by any individual alone, and because the welfare of 
the individual is better assured through the larger unit of which it i- 
a cooperative part, than it is by its own unaided efforts. 
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Or. jtatL’d in otlur tcrni> : :lic greater pf’iwcr uf the iiiili\ iiUial to 
take what it rcRihres is gained by using more prohiable met'uMX df 
internal organic coe>i>eration. This iiuerntil power uf the ini!i\idual 
is the C'sentitil instrument for more et'fcctive external, or cu'mic 
and social, cuopertitnan ; and it i' again reinf. .rced hv giving it, ew ex- 
pendiing it, in cneperation with other inihviihraK, i(jr a 'till Lager 
unit. Th.e uhimtite gtiin in thi,' dual method of give tmd ttike i- a. 
jirogreS'ivc summation of organic power at the expense of inorgamic 
and unorganized nature; and tliis process is progre."ivelv cream e 
and. preservative. 

Thu> the ultimate “ interv'ts " ijf the larger ami of the .'inaller 
unit are identical : and the ■’ interest^ " of the one and the other are 
alike Served by the freest give and take of codiperative action : fur 
organic evolution, or progress, is nothing el-e than the summation of 
power through the cO"perative action of its constituents, 

Th.e ■' conflicts ” in nature, which have always claimed such a 
large share of man's attention, are often mistaken for creative and 
constructive agents. The exaggeration of this tendency in recent 
years is an error for which the biologists theni'clves are largely 
responsible, Eut the one supreme truth that nature in.'i'tently 
teaches is that conflict and aggression are never creative force-', 
except in so far as destruction may serve to redi'tribute power so 
that ultimately it may be linked with other power.' in better co'.'pera- 
tive action. Evolution and progress is always measured by con- 
struction, or by the degree to which conflict decreases and cempera- 
tion increase'. 

The confusion of thought indicated above arises from the fail- 
ure to recognize that the struggle for existence, if there is such a 
struggle, is a struggle to find better methods of cooperation, and the 
■' fittest " is the thing that cooperates best. 

In the larger estimate of progress, the progress of cooperative 
action in the inner and in the outer life of the individual, as well as 
in that of the great social life of nature as a whole, of which every 
individual is an organic part, must be given their correct, relative 
values ; for each one of these three phases of progress is an instru- 
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nicnt to the same end, the aggrandizement and security of the whole 
by the part and the part by the whole. 

From this larger point of view, what we call “ evil " is that which 
])rcvcnts or destroys cooperation, and " good " is that which perpetu- 
ates and improves cooperation. Evolution in nature, as a whole, 
j)roceeds with the attainment of righteousness, or as fast as the better 
ways of avoiding that which is evil and of attaining that which is 
.goofl. are founrl by the part and by the whole. 

As the animal and plant life of the world becomes more complex 
imlividually. and more unified as a whole, the necessity for wider and 
better cooperation in e.xchange becomes more imperative ; or to put it 
another way, life at large, individually and in its various aggregates, 
grow^ in unity and in the summation of power, as fast as it finds 
and makes use of better metiiods of conveyance for mutually profit- 
able exchange, or creates new instruments to that end. 

In the inorganic world, and in the lower phases of organic life, 
the right way to cooperative action is found by chance.'' during 
a prolonged period of trial and error. It is a slow process, but in- 
evitably accumulative and accelerative, for there is a directive and 
preservative element, a tendency towards finality and completion, in 
cooperative action, that is none the less effective whether it be found 
bv accident or by design. In the higher phases of individual life, 
the more elaborate series of preservative and cooperative acts are 
called '‘instincts and intelligence." The chief element in ‘'intelli- 
gence " is the power to foresee and to select the better time and place 
for co'’'perative action, thereby greatly accelerating the process of 
attaining good and avoiding evil. 

MIL 

The same laws that govern the growth of plants and of animals, 
govern the growth of human society. Society in its growth follows 
the easiest and most accessible lines of conveyance: and its rate of 
growth depends on the cooperative value of its inventions for the 
preservation and profitable exchange of its own products, intellec- 
tual or physical. Science, literature, and art, are the reservoirs and 
distributing channels for the one, and commerce for the other. 
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The} are the agent' proiIuceJ b} growth that supply the deniatni' of 
growth, and the profits of this exchange will provide the new ineaii' 
for supplying the new demands. 

Xeed it be 'aid that the chief function tif statesman'hip is to keep 
these socitil reservoirs full ;md the channels of exchtinge open ; tuiil 
to find better methods of cooperative action between inilividiuds, 
states, and empires, in order better to meet the new problems in the 
give and take of commodities that arise with the growth of the 
individual and of his various 'ocial groupjs? 



\ DYXA.MICAL THEORY OF AXTAGOXIS:\r. 


13 v W. J. \'. OSTERHOL'T. 

{J-icdJ Arnl 14. i',i6.) 

When toxic sub>tance< act as antidotes to each other we cad this 
action antagonism. The writer ha« found that an accurate measure 
of antagonism is furnished hy the electrical resistance of living 
tis'ues. A toxic substance causes a fall of resistance; but if another 
toxic 'ubstance be added and the fall of resistance be thereby in- 
hibited it is evident that this result is due to antagonism. The 
amount of antagonism may therefore be measured by the fall of 
resistance. 

A series of such measurements is reported in the present paper. ^ 
The method of making these measurements has been previously 
described. - 

The e.xperiments consisted in determining the electrical resistance 
of Laminaria Agardhir in XaCl .52 M, in CaCl, .278 M and in 
various mixtures of these. 

In order that each solution might contain as nearly as possible 
the same kind of material the following method was employed. 
Seven disks were cut (by means of a large cork borer) from the 
same part of a frond ; each disk was placed in a separate tumbler of 
sea water. A second lot of seven disks were cut. as close to each 
other as possible, and placed in the tumblers, so that each tumbler 
contained two disks. This was continued until each tumbler con- 

1 In an earlier series (Pringsheim'.s Jahrb. fiir zciss. Bot., 54; 645. 1914) 
the maximum antagonism was found in mixtures containing less XaCl than 
is here reported. The present series comprises six sets of experiments (in 
the earlier there were only three), was made at more nearly constant tem- 
perature and with an improved technique. The later results may therefore 
he regarded as more reliable. 

-Science. X. S.. 35: 1 12. 1912. 

^ This is the most common species at Wood’s Hole, Mass. ; it was for- 
merly identified as L. sdccharina and is so referred to in earlier papers by 
the writer. 
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tained one hundred disks. By thi' means the material in the dif- 
ferent tumblers was made as similar a.s jioS'ible. The di.-ks in each 
tumbler were then packed tos^ether i like a roll of coin- i to form a 
cylinder whose resistance was mea-ureil. 'I'hrouLjhout the experi- 
ments the different lots were kept side by side ami treated as nearly 
alike as possible, except that they were placed in different solutions. 

Great care was taken that all the solution- ( both pure and 
mixed) should have the same cunducti\ity a- sea water. 

The distilled water ii-ed in making;- the solutions was prepared 
with especial care, the ffr-t and kist part of the distillate being; dis- 
carded. It was distilled from a gki-s -till (which had been used 
for some months i using plugs of cotton in jdace of cork or rubber 
stoppers. 

The salts used were the jairest obtainable, being for the most part 
Kahlbaum's i in some cases Merck's blue label reagents were 
employed) . 

The mixtures were made in the following proportions : 


XaCl 52 .V, ■: c 

CaC ’ , 2-1 c.c. 

M.-’ecu'ar Propi-r:i' 

NaC.. 

'Hs. 

CaC 

963 

37 

9 S 

2 

914 

S 6 

95-24 

4.76 

751 

249 

S 5 

AS 

496 

504 

63 

35 

24 T 

T 53 

3 S 

62 


The results^ are shown graphically in Fig. i (cf. Table III.). 
As will be seen on inspection of the figure, the resistance rises at 
first (except in pure XaCl) and subsequently falls. 

Evidently two processes are involved, one of which produces a 
rise, the other a fall in resistance. While these processes might be 
looked upon as independent, everything points to the fact that they 
are casually connected, and it seems natural to assume that they 
represent two chemical reactions, one of which is dependent on the 
other. 

^ The results are expressed as per cent, of the net resistance in sea water 
at the start of the experiment. They might also be expressed as per cent, of 
the control but this has no especial advantage for the present investigation. 
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Fig. I. Curves of electrical resistance of Laminaria in ^'aCl .52 . 1 /. in 
CaClj .278.1/. and in mi.xtures of these (the figures show the molecular per 
cent, of CaCh in the mixture). Some points are omitted in order to avoid 
undue crowding (these may be obtained from Table III). 

in which a substance A breaks down into an intermediate substance 
M which in turn breaks down to form B. In such a reaction the 
amount of M at first increases, reaches a maximum and then 
decreases. 

The nature of this process is evident from a consideration of 
Fig-. 2. If the reservoir A be filled with water while M and B are 
empty, and if water be allowed to flow from A into M, the amount 
of water in M (for convenience this amount is called v) will first 

■' Or other reactions of the first order as for e.xamplc when two sub- 
.stances react but one is present in great excess. 

CROC. .-tMFR. PHIL. SOC., VOL. LV, HH, AVG. 22 , I916. 
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increase and then decrca.'e. I he rate lC’ increa.'e and decrea-e and 
the maxiininn attained will depe-nd on the re'.a.tain heieseen the i\\i> 
outlets A.\ and A’.. We ina_\ siijipn-e th.it if A e 4 Ual tu A_ we 
get the upper curve shown in the tigure. wlnle it A. i' les- th:in K. 
we get the lower curve (in the hitter ca.'e i»ith constant- are sup- 
posed to be suitiller than in the funner n 'I'iu- i- tinalngun- to wh.it 
occurs in the reaction .1 — — •A’ it A, i- the wluciiy cou-ttint of 
A — •-!/ and K . i- the velocite con-iant of M — > A’. 



Fig. 2 . Diagram illustrating cunseoutivc reactions in which a substtince 
.1/ is iorraed by the reaction A — * M and decomposed by the reaction M — > B. 
Explanation in text. 

We find that the resistance of the tis-ue likewise increases to a 
maximum and then decreases. If we assume that the re-istance of 
the protoplasm is due to a substance'’' M we can calculate the rate at 
which the resistance will increase and decrease with anv given values 
of A\ and A',. 

If we suppose that in sea water the substance M results from the 
decomposition of A, which is in turn formed at a constant rate, the 
amount of M will be constant (after equilibrium has once been 

Instead of a substance we might assume that .1/ is a physical state or a 
mixture procided it fulfilled the necessarc conditions of formation and dis- 
appearance. 
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attained). For convenience we assume that at equilibrium the con- 
centration of .1/ (which we call _v ) is equal to 0.295 1 and that the 
net resistance ( expre.-sed as j)er cent, of the net resistance in sea 
water ) is equal to 3055' + 10, the 10 being added because at death 
the resistance drops to 10 per cent. ( /. c., the resistance of the dead 
tissue is 10 per cent, of that of the living). The resistance in sea 
water will therefore be (--951 X 305 ) -I- 10= 100 per cent. 

Let us assume that the velocity constant of the decomposition of 
.1/ in sea water is .540. If the velocity constant of the reaction 
is one thirtieth as great (.540^ 30= .018) the concentra- 
tion of A must be 30 times as great as that of M in order to keep 
M constant. Hence the concentration of A (which will be called 
.r) must be .2951 X 30 = 8.853. 

On transferring from sea water to such a mixture as 65 XaCl 
35 CaCL we assume that the production of A ceases while the de- 
composition of A and M go on at an altered rate, the velocity con- 
stant for A^M being changed to .000481 and that of M^B to 
.00859. W'e can now calculate the value of y at any subsequent 
time. T. 

The value of y at the start is .2951 and this will decrease (by the 
ordinary monomolecular formula) in the time T to 

y = .295i(e-^=0- 

In this formula e is the basis of natural logarithms and AL is the 
velocity constant of the reaction M-^B. which results in the de- 
composition of y. 

The value of .r at the start is 8.853 • this will produce during 
the time T a certain amount of y part of which will be decomposed. 
The amount remaining at the end of the time T is given by the 
formula' 



” Rutherford, E.. Radioactive Sub.^tances and their Radiations,'’ 1013. 
p. 421. The values and i’-x.-t' may he obtained from Table IV in the 

Smithsonian Mathematical Table.s. Hyperbolic Functions, by G. F. Recker 
and C. E. Van Orstrand, 1009. See also Mellor, J. W , " Chemical Statics and 
Dynamics, iQOt), pp. 16. 98. 
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in which is the velocity constant of the reaction A — ► M. Tlie 
total value of y at the time T will be 



If we put A', = .000481 and AY = .00859 we obtain as the 
amount of re.'istance the values given in Table III. and jjlotted as a 
broken line in Fig. 3 (the values obtained e.KperimenttdIy are plotted 
as a continuous line). 





Fig. 3. Curve of electrical resistance of Laminaria in 65 XaCl — 35 
CaCl. ( ). the trial curve ( ) calculated from the veloc- 

ity constants Ad = .000481 and Ad =.00859, and the theoretical curve 

( ) calculated from the \elocity constants Ad = .000484 and Ad = 

.00859. 


Evidently the curve of resistance,- as calculated, agrees-' fairly 

® The agreement in other mixtures may he seen m Table III. and Figs. 

6-9. 

° The fact that the theoretical curves can not he made to assume any 
desired form but can only be varied within certain limits shows that if they 
fit the experimental curies they express processes similar to those which 
take place in the tissue. 
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well with the curve of resistance in 65 XaCl -j- 35 CaCh obtained 
experimentally. 

\\'e see that in 65 XaCl -p 35 CaCh the resistance of the tissue 
behaves as if it were directly proportional to v (the amount of M) 
when the velocity constant of A-^M is .000481 and the velocity 
constant of M-^B is .00859. W'e may interpret this to mean that 
some substance, A, in the protoplasm breaks down to form M, the 
substance to which the resistance of the protoplasm is due. and this 
is in turn decomposed, the two reactions having the velocities 
indicated. 

By making this very reasonable assumption we can account for 
all the curves of resistance obtained experimentally. 

In order to see how this may be accomplished we may calculate 
the constants of all the curves, proceeding in the same manner as 
in calculating the constants of the curve of 65 XaCl + 35 CaCL. 
For this purpose we assume various values until the correct ones are 
discovered. The values obtained by this method are given in 
Table I. 

T.sble I. 

Rel.xtiox of K.. to Xa.A'CaCh. 

Constants obtained by trial. 


Molecular Proportions. 


In Body of 
Solution. 

In Surface. Amouni Increase 

ofXaj- 0} Xa;- 

i 

K,. 

K;. 

Decrease 
of K*. 

( Decrease of Kj) 
~ ( Increase of 
XanXCaCU). 

XaCl, 

CaCb, 

XaCI, 

CaC’; 

gS 

2 

83-05 

16.95 .0001169 .0001137 

.000253 

.00672 

-00228 

19-35 

95-24 

4-76 

66.67 

33-33 -0001468 .0001436 

.000245 

.00590 

.00310 

21-59 

85 

15 

36-27 

63.73 .0000839 .0000807 

.000364 

.00730 

.00170 

21.07 

65 

35 

15.66 

84. 34 .0000207 .0000175 

.000481 

.00859 

.00041 

23-43 

38 

62 

S-7S 

94.22 .0000032 

.000530 

.00900 



100 

0 



.018 

-540 



0 

100 



.ooiS 

-0295 




An inspection of Table I. shows that as the amount of CaCL 
increases, the value of AT first falls and then rises, the minimum 
value occurring at 95.24 XaCl + 4.76 CaCl_, (which is the mixture 
in which the tissue lives longest). It is evident that in each mixture 
of XaCl -|- CaCL a substance is formed which in some way reduces 
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the value of A',. e may a>sume that the amount of ihi^ ,'ubjtance 
increases as CaCl, increases and that its maxinuun et'fect on K. is 
produced in 95.^4 XaCl — 4.76 CaCh. after which a furtlier increa'C 
of this substance j)roduces less and less effect on AX. ( )r we may 
assume that the decrease of K. is tlirectly proportii >nal to the 
amount of this substance but that the inaximuni amount of this >ub- 
stance is produced in 95. .24 XaCl — 4.76 CaCh. while in other mix- 
tures it is produced in lesser ainoutit'. Let us consider more fully 
the latter alternative. 

The simplest assumption which we can m.ake i.' that both Xat'l 
and CaCL combine with some substance. AX in the protoplann so as 
to form a compound. If we suppose that thi- compound’" ij 
Xa,„A'CaCUo formed by the reversible reaction 

2oXaCl — X — CaCL ^ Xa_.„.VCaCl_2 

we can calculate the amount of Xa^.,-YCaCL_. which will be formed 
in each mixture of XaCI-rCaCL. 

The molecular concentration of A' can hardly be more than a 
small fraction of that of XaCl and CaCL. Hence as XaCl and 
CaCl, are present in great excess they may be regarded a.s constant 
in concentration and we need only consider the changes in X and 
Xa,„A'CaCL,. 

W'e may calculate the amounts of X'a_.„A''CaCL., formed at equi- 
librium in any mixture by means of the formula 

^ Concy ,,. jc.ici.j ; 

(Concx.wi/- ’(Concccr) (C onc.v) ’ 

in which K is a constant and the molecular concentrations of 
X'a_,oA'CaCL,, X’aCl, CaCL. and A' are denoted by the abbreviation 
Cone. We find that the amount of Xa^nA'CaCl,,, begins with o in 
pure XaCl, increases with the increase of CaCL until it reaches a 
maximum at XaCl 95.24-)- CaCL 4.76 and then decreases (as CaCL 
continues to increase) until it falls to O in pure CaCl,. As this is 
exactly what K„ does, we might assume that Xa^.A^CaCLo acts 
as a negative catalyzer, causing a decrease in AX which is directly 
proportional to the amount of Na^oA'CaCLj. 

r® Such compounds are frequently formed between salts and proteins 
as well as with many other amphoteric electrolytes 
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To this however there is the objection that the maximum 
amount of Xa_,„A'CaCL^ which is produced in XaCl 95.24 -f- CaCl_, 
4.76 could also be obtained in other mixtures, c. g., in XaCl 50-!- 
CaCl_. 50 if the total concentration of salts in the latter mixture 
were increased to the requisite amount. This is contrary to what 
we tind in antagonism e.xperinients. If antagonism really depends 
on the production of a salt compound like Xao„A’CaCl,, it is evident 
that some mechanism must exist which insures that an increase in 
the total concentration of salts can have but little effect as compared 
with that produced by a change in their relative proportions. 

It is easy to see how such a mechanism must exist if the forma- 
tion of Xa^„A’CaClo2 takes place at a surface (at the external surface 
of the cell or at internal surfaces). In a surface substances usually 
exist in a different concentration from that which they have else- 
where in the solution. It XaCl and CaCl_, migrate into the surface, 
so as to beconte more concentrated there than in the rest of the 
solution, their concentration in the surface must increase as their 
concentration in the solution increases until a certain point (called 
the saturation point j is reached. Beyond this point an increase in 
their concentration in the solution produces no effect on their con- 
centration in the surface. 

When this stage has been reached the formation of Xa;,,W’CaCl,2, 
if it takes place in the surface, will not be affected by an increase in 
the concentration of the salts in the solution. It will, however, be 
affected by changes in the relative proportions of the salts. The 
number of molecules of salt in a unit of surface will remain nearlv 
constant, but if the proportion of XaCl in the solution be increased 
some of the CaCl., in the surface will be displaced by XaCl. 

Below the saturation point the relative proportions of the salts 
will be of less importance than their total concentration : this is the 
case at low concentrations in the region of the so-called " nutritive 
effects." 

It may be added that these considerations apply no matter 
whether the salts which migrate into the surface come from the 
outside or from within (or from both directions) : also that they 
apply when the surface is completely permeable to salts (so that 
we do not assume an impermeable surface in order to account for 
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the formation of the salt compound which itself accounts for the 
permeability). They also apply if Xa_,„r?CaCL_. is formed else- 
where than at the surface and suhsequeutly migrates into the surface 
for. as the reaction is reversible, the e([uilibrium in the >urface must 
be determined by the amounts of A', XaCl, and L'aCL, resfardless of 
whence they are derived. 

Let us consider what will happen if XaCl and CaCh do not 
migrate equally into the surface. If for example CaCh accumu- 
lates in the surface ten times as much'-^ as XaCl we shall have in the 
surface XaCl 2 — CaCL i when the body of the solution contains 
X’aCl 20 -j- CaCL i (or X'aCl 95.24-}- CaCL 4.76L 

Let us assume that this is the case and that the salt compound 
formed is not Xa ...A’CaCL^ but Xa,A'CaCL. Its maximum amount 
will be produced when the solution contains XaCl 20 -f- CaC!,. i of 
XaCl 95.24— CaCL, 4-76 and will be independent of the total con- 
centration of salts so long as the surface is saturated, ^^'e may cal- 
culate the amounts present in the surface according to the formula. 


^ ^oncx,v,.YC^U 

~ (ConCv,,ci)-(Concc.,ci.)(Conc.v) ’ 

When we have XaCl 95.24— CaCl^ 4-76 in the solution we have in 
the surface XaCl 9.524 -j- CaCL 4.76 or XaCl 66.67 per cent, -f- 
CaCI, 33-33 per cent. ; and since they are present in excess this will 

There is experimental evidence in favor of the view that CaCL accu- 
mulates in the surface more than XaCl. 

If we write 


2 XaCl -f CaCL H„A' Xa=H„.A'Ca -S- 4 HCI 


we have at equilibrium 


K = 


but 


Si 3 that we may write 
K -- 


(Concxa..n„_.,.TCal (ConcHCiP 
(ConcxacO^tConccacn) (ConcH„x) 

ConCHCI=-l(ConCXa»H„_4.TCa) 

_ (ConC>-a5H„_,,VCa)® 

tConcxaCp-tConccacn) (ConcH„.Y) ’ 


In the present case this assumption does not fit the facts as well as the one 
already made. 
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be their concentration at equilibrium (as well as during the progress 
of the reaction I . Putting A' = .000001 and CooCy = .00I we get 

Concha. A-| .iCU 

.000001 = ^ \ > 

(66.67)2(33) (.00 1) 

whence 

Conc^-a.,.YCacu = -0001468. 

Calculating the amounts formed in other mixtures we get the values 
given in Table I. 



Fig. 4. Curve of the increase of a salt compound, Na^.YCaCb 

( ). and curve of the decrease of the velocity constant A'.. ( ). 

The figures apply to the ordinates of the former curve The figures for the 

ordinates of the latter curve ( ) are 41.59 times as great. The 

abscissae represent molecular proportions in the solution (not in the sur- 
face). The figure shows that the salt compound inhibits the reaction . 1 / — » S 
(which has the velocity constant AC). 

It is evident from an inspection of the last column of Table I. 
that the decrease in A', is directly proportional to the amount of 
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X’a_,A'CaCl^ (see Fig. 4K’" Hence we assume that Xtu.YCaCI^ acts 
as a negative catalyzer to the reaction M — ► B. 

In some instances the optimum proportion in antagonism experi- 
ments turns out to be XaCl 100-7- CaCl_, i. In this case we shouhl, 
following the course just outlined, assume that the salt compound is 
X'a^r.-YCaCli^. It may be objected that this calh for a reaction of 
a high order, the occurrence of which seems not very probable. 
But it must be remembered that the reaction may take place by 
a series of steps each of which represents a reaction of the second 
or third order. Such cases are well known in inorganic chemistry. 
In the calculations all these steps may he disregarded since onlv the 
final equilibrium need be considered. 

An inspection of Table I shows that the value of A.', rises and 
falls with that of K, except that as CaCh increases the value of 
goes up more rapidly than that of AY. This i' also obvious from 
Fig. I, which shows that the greater the per cent, of CaCl, in the 
mixture the greater the maximum attained. As this maximum de- 


T.\ble II. 

Rel.ctiox betweex (A'. -s-AY ) .and Per Cent, of CaCl; ix Surf.ace. 
Constants obtained by trial. 


Molecular Proponions. i 

— ' {locrease of 


In Solution. 

XaCt. CaClo, 

In Surface 

XaCI. CaCb. 



Kj ^ Ko. 

Increase of 

Ki-hKo. 

Ki ^ K > 1 -j- V Per 
Lent, uf CaClo 
in Miruce 1. 

100 

0 

100 

0 

-0i8 

■340 

-03333 




98 

2 

83-05 

16 95 

.000253 

.00672 

.03765 


.00432 

-000255 

95-24 

4,76 

66.67 

33-33 

.000245 

.00590 

-04153 


.00820 

.000246 

85 

15 

36-27 

63-73 

-000364 

.00730 

.04986 


.01653 

j .000259 

6S 

35 

15-66 

84-34 

.000481 

.00859 

.05600 


.02267 

! .000269 

38 

62 

5-78 

94-22 

.000530 

.00900 

.05889 


.02556 

t .000271 

0 

100 

0 

100 

.0018 

.0295 

.06102 


.02769 

1 .000277 


pends on the value of A'l-s-AY, it is obvious that the value of 
Ai-t-A, must increase as the per cent, of CaCL increases. \Ve 
therefore assume that the value of (like that of AY) depends on 
the amount of Na.XCaCl^ but that {unlike that of A.,) it is also 

The figure makes the curve of Xa^A'CaCk, bend more abruptly at the 
apex than is actually the case, but it is so drawn because it is not desirable 
to use more points in the calculated than in the experimental curve. 
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dependent on the per cent, of CaCh present in the surface. If this 
assumption is correct the value of ~ K.^ will be proportional to 
the per cent, of CaCh. This is actually the case, as is evident from 
Table II. and Fig. 5. 


K, -Kj 



Fig. 5 . Curve of the increase of A.', -s-RC with increase of CaCL (molec- 
ular per cent, in the surface). The figure shows that CaCh acts as a 
catalyzer of the reaction A —>. 1 / (which has the velocity constant AT,). 


^^'e must therefore conclude that the reaction A — > M is cata- 
lyzed by CaCl^, while the salt compound XajA'CaCl4 inhibits both 
A—>M and M-^B. This assumption enables us to calculate the 
resistance at any time in any mixture. The calculated results are 
given in Table III. together with the observed values. The calcula- 
tions are made on the assumption that the decrease of K, is exactlv 
proportional to the increase of Xa^A'CaCli. that is 


and 


decrease of iv; 
increase of XajA'CaCU 


23.29 


increase of {Ki A- iCi) 
per cent. CaCl> in surface 


.000271. 
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Taiu,f hi 

OsSERVtD \XLrES CoMPAKTU WITH X'aLUKS CALULAriAl US A THEORETICAL 

P.A? 1 ~. 


Per Cent, oi Net Ke-i'-tancc ’n 


T.me ’ll 

,8 XaCl 


XaLl 

£4; X 

aCl 

r; X 

iCl 

tb XaC' 

Hours. 

-f CaCbj. 

T 4.7c 

Lai 'i- 

-r 15 LaCi.. 

- {5 C.lL i;. 

- t 4 1 

'.1LT2 


ov- 

Calc 

• 

Ca'o 

( )Ls 

I’a'c 

< )t>>. 

Calc. 

( 

Cal:. 

I 

103. 1 

103 7 

loS 2 

106. s 

144 5 

I15 6 

136 I 

123 8 

14S.1 

127.3 

2 

103. S 

105 8 

II 2 I 

III . 2 

126 I 

124 s 

I4I.9 

136.3 

140 0 

141 7 

3 

105 s 

106.7 

II 2 .I 

113 s 

12S 5 

139-8 

143-2 

143.2 

149 0 

147 9 

4 

106 I 

106 9 

113 9 

113 3 

130 3 

132. 1 

143.9 

144.0 

I49-0 

149.7 

5 

106. 1 

106 6 

II3 I 

115 s 

130 2 

132 7 

143.9 

143 6 

140-0 

14S.S 

6 

104 9 

106.0 

113 I 

115 8 

130 2 

132 3 

143.7 

141-7 

149-0 

146.5 

10 

102 I 

101,8 

107 9 

II 2 5 

126 5 

I 2 S I 

129.5 

129.8 

136,1 

132.6 

25 

76. S9 

84 21 

95 21 

93 41 

96 40 

93 So 

87 85 

87 90 

78 21 

S6.30 

so 

63.90 

61 70 

62 50 

63.20 

58.11 

58.83 

47. Si 

47.80 

46.34 

44.46 

So 

3S 90 

43 49 

42.52 

47.78 

33.92 

35-54 

26 01 

23 88 

27.11 

23.27 

100 

31.80 

3309 

35 S3 

3S 33 

24 01 

26 58 

17-33 

18.90 

14-42 

17.03 


The measurements were made at 15 ^ C. or corrected to this figure. Each 
experimental figure is the average obtained from 6 series of experiments. 


The constant.-; obtained by this metliod of calculation are given 
in Table I\'. 

Table III. shows that the agreement between calculated and 
observed values is remarkably satisfactory. 


Table IV. 

Theoretical Coxstaxts. 


Molecular Proportions, 


In Solution, ' In Surface. j Kj. Kj. 


XaCl, 

CaClo. 

XaCl. 

CaCl.. 1 



100 

0 

100 i 

0 

.018 

•540 

98 

2 

83.05 , 

16.93 

.000241 

•00635 

95-24 

4.76 

66.67 

33-33 

.000240 

.00566 

85 

15 

36.27 ! 

6373 

.000360 

.00712 

^5 

35 

15-66 

84-34 

.000482 

.00859 

38 

62 

! 5-78 i 

94.22 

.000530 

.00900 

0 

100 

i 0 

100 

.0017827 

.0295 


If we disregard all theoretical considerations and proceed by 
repeated trials to find what constants most nearly fit the experi- 
mental curves we get the values given in Table I. If we construct 
curves using these constants we get the results given in Table V. 
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In Fig. 3 and in Figs. 6-9 are shown curves expressing the 
observed values, the values calculated from constants observed by 
trial and the values calculated on a theoretical basis. 






In Table V. the calculated values necessarily show a better agree- 
ment with observed values than those in Table III., but even in the 
latter the difference between calculated and observed values is sur- 
prisingly small. The closeness of the agreement furnishes the most 
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120 , 



-5 yO 75 HOURS 

Fig. 6. Curve of electrical resistance of Laminaria in oS NaC!-i-2 CaCL 
(' ). the trial curve ( ) calculated from the velocity con- 
stants A’, =: 000253 and A'. = .00672, and the theoretical curve f ), 

calculated from the velocity constants .000241 and 00635. 
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striking' proof of the essential soundness of the theoretical views on 
which the calculations are based. 

It should be noted that while the values of for XaCl 

and for CaCl , fit the general scheme, the absolute values of and 
K . in these cases are much greater than we should expect. This 
shows that in pure CaCL something accelerates both A —> M and 
to an equal degree (i. c., multiplies both and K., by the 


> K'l “/= 



Fig. 8. Curve of electrical resistance of Laminaria in 85 NaCl 4 - 15 
CaCL ( L the trial curve ( ) calculated from the veloc- 

ity constants A'l = .000364 and AC =.00730. and the theoretical curve 

( ) calculated from the velocity constants Al, = .000360 and = 

.00712 


same factor) ; the same is true of XaCl. but here the acceleration 
is much greater than in CaCh. This acceleration might be due 
to a variety of causes and it seems unneessary to discuss it more 
fully at this time. 

Figs. 10 and ii show the curves of resistance in XaCl and in 
CaCL and the curves calculated from constants obtained bv trial. 

Let us now consider briefly an alternative explanation of these 
results- 
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I 

.25 :? wjj-i 

Fig. 9. Curve of electrical resistance of Laminaria m 3S NaCl — 62 CaCl; 

( )_ and the trial curte (. } calculated from the \eloc- 

ity constants K. = .OC0530 and LL = CO'90. 
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It might be asMiiiicd that no salt cijiiipound is formed but that 
A’j is increased by OaCl^ and that the effect is at a minimum at 
Xah'l I J5.J4 -f- CaCh 4-7ff- In tins case would be very large in 
jmre XaC'l, very small in XaCl <)5-^4 + CaCl_. 4.76 (or thereabouts) 
and would .steadily increase as the proportion of Ca increased. 
If AX is increased by Xat'l, with a minimum at XaCl 95.244- 



Fii; n Cur\e rU' electrical resistance of Ljiiiiiiaria in CaCl_. (— 1 , 

the trial curse ( ) calculated from the velocity constants 

A', = .0018 and K.z= and the theoretical curve ( ) calculated 

from the velocity constants A",= wtiySjy and A 4 = 0205. 

CaCh 4.76. AX would he large in pure XaCl, would diminish as 
CaCl_. was addetl until it reached a mininiuin at XaCl 95.24-]- CaCl, 
4.76 and wouhl then rise steatlilv as more CaCl, was added. 

In this case it makes little difference whether the value of the 

t’t It might also lie assumed that both AX and AX are increased bv CaCl.- 
(or both by XaCl) with a minimum effect at XaCl 95,24 CaCL 4.76 
But if only one salt controlled both A, and AX it would make little difference 
what the other salt was and this does not fit the facts. 

PROC. .4Mt.R. PHIL. SOC., VOI,. LV, It, ACC. 22, tgifi. 



552 OSTERHOL'T— DYNAMICAL TIILORV Ol- AXTAIICXIS.M 


constant is increased by the salt, the eftect i)a"in_” lhr(_)U^h a inini- 
nuim, or diminished In the --all, the eli’ect iiassinL;’ thruuydi a 
maximum.''' 

That catalyzers actuall\ do act in this wav is -een when acid 
catalyzes lipase, the eliect of the acid pas^iiiLt through a maximum. 
It was found by Iloyer’''' ih;it when oxalic <ir sulphuric aciil is addeil 
to lipase the action of the enz} me was accelerated in proportion to 
the amount of acid but that above ;i certain concentration the effect 
rapidly fell off. 

Future investigations must decide which expkination fils the 
facts in the majority of ctises, 

^^’e have thus reached a ([utintilative explantuion of the results 
of our experiments. Our exphination indicate' that the resistance 
is proportional to the amount of .1/ which is present in the proto- 
plasm. It may therefore he of intere-t to en<iuire how the substance 
M determines the resistance. If it is produced at the surface, as 
we assume, it may form a layer in the surface which offers resist- 
ance to the passage of ions. The amount of the resistance would 
then depend on the thickness (and continuity i of the layer. This 
may also apply to the internal surfaces, such as those of the nucleus, 
plastids. vacuoles, and micro'omes. 

It is evident that whether or not any of the-e assumptions be 
accepted certain facts seem to be established. It is clear that there 
are two processes, one of which produces a ri-e, the other a fall 
of resistance, and that their speed may be regulated hv XaCl and 
CaCh. It is extremely probable that these salts enter into chemical 
combination with some constituent of the protoplasm and it is evi- 
dent that the compound thus formed might regulate the speed of 
one or both of these processes.^^ 

In all thc'C e.xplanatioii' it i' uiKlcr>too(l that XaCl and CaCL act in a 
saturated surface as c.xplained above, so that only the rclatiw proportions 
are important. 

''■ Hover, E, Bcr. dciitsch. cJicin. Ccs.. ,t7 ( 2) ; 14,^6, 1904. 

It would seem that we can imitate completely the variations in re- 
sistance which occur in living protoplasm only when we have a .system in 
which a reaction is going on which results in the production of a substance 
which is comparable to that designated as .1/ in the fnre.going discussion. 
Perhaps this explains why attempts to imitate these effects by experiments on 
colloids have not been more successful. 
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It is clear that ^uch consecutive reactions as are here discussed 
must he the rule in living niatler and that further study of their 
dynamics should yield facts of inijxjrtance. 

Summary. 

I. Data regarding the electrical resistance of living tissues of 
Laminaria in XaC'l .52 M. in CaCL .278 M, and in mixtures of 
these are given. 

II. In order to explain these data it is assumed : 

1. That the resistance is determined by a substance M which 
is formed and broken down by the reaction 

J M -rt B. 

2. That CaCL accelerates the reaction 

3. That NaCl and CaCh combine with a sub'tancc in the proto- 
plasm, forming a compound which inhibits the reactions A—*M 
and M 

III. On the basis of these asjumptions a theory is developed to 
explain : 

1. Why both NaCl and CaCb are to.xic. 

2. Why tvhen mixed in the proper proportions their toxicity is 
greatly diminished (antagonistic actionl. 

3. Why they have opposite effects on permeability. 

4. Why the decrease of permeability produced bv CaCl. must 
be followed by an increase rvhen the exposure is sufficiently pro- 
longed. 

5. Why all toxicity disappears in sea water. 

I\ . The theory gives a quantitative explanation of the toxicity 
of all the mixtures and enables us to predict the resistance (and 
permeahiIlty^ in any mixture at any moment during exposure. 

y. The fact is emphasized that life processes must consist 
largely of con.secutive reactions and that an analysis of the chemical 
dynamics of these reactions is indispensable for the solution of cer- 
tain fundamental problems of biolog}'. 

H.\rv.\rd L’xiversity, 

L-Cboratorv of Plant PitYsioLor.v 




OBrn'ARY XOTICES 
OF MEMBERS DECEASED. 




SIR GASTOX :\IASPKRO. 


I Ixcad Xoz'iiiibt’r z, ioi 6 ) 

In the death uf Sir ( ia'ton i\la>j>ero on June 30. 1916, France 
has lost one of her most ihstinijnished -cholars — perhaps the most 
<listint;uishcd — and the world one of the leading' Egyptologists, 
whose rttnge of learning, however, extended far beyond the borders 
of Egypt oli')gic:il research. 

Horn in I’tiris in iSgO of jia.rent' who were of Ittilitin descent, he 
receive(l his etirly education ;it ilie Lycee Louis Ic Grand, famous 
for the long roll of great scholars thtit pti'seil through its portals. 
From the ]._\cee he went to the Ecole Xormtde and while in that in- 
stitution began to -tudy I'.gyptitin wiihi.iut the assistance of any mas- 
ter. At the ;ige of nineteen lie was tible to transkite Egyptian texts 
that had been sulunitted to him by Mariette Bey — at the time the 
leading Egyptologist of I'rance. The feat, though remarkable for 
a young man. was not so astotiishing as that at the age of twenty- 
three he was appointed to a professorship of Egyptology at the Ecole 
des Hautes Etudes — the graduate school of the Paris University. 
Four years later he had established his rejtutation for eminent 
scholar5hi[) so tirmly as to he chosen to fill the chair of Egvptologv 
at the College de France, created for the famous Champollion. wdio 
by the deciphermcmt of the Rosetta Stone did for Egvptologv in 
1S27 what a quarter of a century earlier the German scholar Grote- 
fend had done for the Cuneiform inscriptions — e.stahlishing the de- 
cipherment on a secure basis. At twenty-seven he had thus at- 
tained to the highest scholarly post in the gift of the French gov- 
ernment — the youngest jterson to have achieved the distinction. 
The story goes that a visitor came one day to see the already famous 
professor. The door of his aj)artineiit was opened by IMaspero. who 
e.xplained to his visitor that he was i\l. IMaspero. whereupon the 
visitor insisted, “ C)h, no; 1 want to see vonr father.” 

Ilis lirst larger work appeared within two years after he had 
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been elected to the professorship to the College de b ranee. It was 
a most ambitious undertakint; — a " llistoire Ancienne de-. l'euiile> 
de rOrient, " covering F.gvpt. Bab\ ioma. -\s^yrIa. l'ale?tu!e and Syria 
— but it was carried out with the sure touc,!^ of a nia>ter. As a sum- 
marv of what \va5 then known of the .\ncieni lai't it acquired a 
high rank, as i.- indicated bv the eight ediimii' thr.iu<gh which it 
pas'^ed, and liy being translated into h-iigb.'h and 1 leniian. 1 he work 
was an indication of ihe wide range of M.i^peta.Y ^uiilie' even at 
that earlv age. and it w;is characteri-tie of ih.e bent of his minil tint 
while never losing sight of his ?iieei:il I'eM oi 1 ,g\ ptoh igy. he cor- 
related Kgvptian history, religion and art with the hi'iory and 
achievements of the peoples with '.\hich l.g\pt h.id emne iiui 3 cian- 
tact. In 1875. when }.la^pero's ■'Ancient ll'.'t>.ir} “ appeared, it w as 
still comparatively easy to nia.ster the entire lieM. hec.iuse the his- 
torical and literary and archteologictd naiteri.;! recovered from the 
seats of the ancient empires of th.e lia.-t li.id ant yet readied such 
large proportions, but with the steady course of excavations in 
Egypt, Mesopotamia and later in Palestine. S_\ riti and A-i.i iMinor, 
material of all hind increased rapidly. Scliedars in all countries of 
Europe were attracted to the field, new journals to embody the re- 
sults of detailed investigations were c>ial,ili>hed. and as a re.-ult 
within each section of the field specialization led to further sub- 
divisions. Under such circumstances it was well that there should 
be a few scholars with the courage, the learning and the ability to 
drive abreast through the whole fiebl — men like Eduard IMeyer in 
Germany, Sayce in England and Salomon Reinach in France. IMas- 
pero was a scholar of this broad type. 

The new editions of his history, as called for, showed evidence 
of his keeping pace with new discoveries. Xumerous investigations 
from him in the form of monographs and articles appeared in the 
technical journals and proceedings of learned societies of Europe and 
this country. The final upshot was the production at the time of the 
maturity of his intellectual powers of a monumental work in three 
large volumes appearing in French and English, which aimed to 
give a continuous narrative from the beginnings of civilization in the 
East to the close of the Persian Empire. The general title of this 
work — published in 1895-1897 — was enlarged to “ Histoire An- 
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cienne des Peuples de TOrient Classique," with subdivisions in the 
English edition “ The Dawn of Civilization,” “ The Struggle of the 
Nations” and ‘‘The Passing of the Empires.” The framework of 
the smaller history was filled out down to the smallest details. As 
each of the ancient empires was taken up in turn, the oldest Egyptian 
and Babylonian principalities, the Egypt of the middle period, the 
Rabvionian Ilmpire at its height, Egypt in its glory, the Assyrian 
Empire, Hebrew history, the Philistines, the Phoenicians, and the 
nations of Syria and -\sia Aliiior, notably the Hittites, the entire 
material is given to the reader in a most attractive and readable 
form, for like most of hi' countrymen Maspero knew not only how 
to investigate but how to write. His style, while not as brilliant as 
that of Renan and Taine, partook of the picturesque qualities of 
these unsurpassed masters, and was marked by epigrammatic aper- 
cus and suggestive summaries as he reached the end of some par- 
ticular episode, set forth with close attention to details. Nothing — 
not even the smallest article or even a note in an article in any of 
the journals of France. England. Germany, Holland. Italy or the 
United States — appeared to have escaped his keen eye. Only those 
who have themselves worked in any special field can appreciate 
what this meant, and what amazing and uninterrupted industry was 
involved in such a herculean labor. An inadequate index, which 
enhances the difficulty of consulting the work, is the one serious criti- 
cism to be passed on a product that still remains without a rival, 
even though in parts it has already become antiquated through the 
rapid increase of material — during the past twenty years — particu- 
larly for the older periods of Egyptian and Babylonian histories. 
It is also unfortunate, though not fatal to the work, that the trans- 
lator has at times taken liberties with the original to make the results 
of critical study in connection with the history of the Hebrews more 
palatable to orthodox English readers. 

The twenty yedrs intervening between the appearance of IMas- 
pero’s little history and his monumental work were the busiest in a 
career that knew no cessation of labor. In 1S7S he himself estab- 
lished the first French journal to act as a medium for publishing the 
results of detailed studies bearing on Egyptology and Assyriology — 
the Rccucil dc Travaux rclatifs d la Pliilologic ct a 1 ' Archcologic 
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cgvptieiuu's I't assyrii')ntcs. appcariiii; quarterly. .Ma>jK‘ro wa.-^ not 
onlv the eilitor but the nitiiu cuntnluuur ihiriim the niyh fort\ ye.ir.-; 
of its cxijtence. ScarceK ;i number appeared wiiliout a d mtnbiitn in 
front his pen, and a contribution from Ma'pem in\ariab!y meani 
some addition ti.) human knowledge, the re'Ult oi an inve-tiy ation (tf 
a new Egyptian text or of one ;is \ et iniperfecih under~iooil. the dle- 
terniintition of the ntetimnq' of tin ob'cure l'-t;_\pt;an word or phra'C, 
or the discussion of a ij'ranimtitical problem. M.iny of the article^ 
also dealt with archteoloyical a'pec:> or with the art, or entereil into 
the domain of reliy'iou.-' thoiu;ht and theolor;ica! 'prcul.ilion of the 
Eg-yptians on the basi< rif relirtioU' text- In Ih- tirticle- in the 
Rcciicil. as in the many other journtil — nottibl} in England and 
Gerniain' — to which lie occ.i-ionally -ent In- contribution-, he con- 
fined himself strictli to Ey} piolottical -tudie- ; and throuyh hi- ef- 
forts and e.xtimjile the -omewdi.it loo-e m.ethod formerly jirevailiny 
in the interpretation of Ey\.ptian text-, letniiny; not infrequently to 
wild vayarie-, gave wtiy to ticcuracy and had its mitural outcome in 
the creation of what is commonly known as the Berlin school of 
Egyptologists with scrupulous attention to yrttmmtitical details under 
the leadership of Adolf Erman — though it should at once be adnled 
that Egyptologists, being as human as physicians, do not alwtiys 
agree in their diagnosis of a grammatical form, Maspero often 
found himself in opjposition to Erman, and F’rofessor Breasted, of 
the E’niversity of Chicago, tells an amusing incident in this connec- 
tion. Erman had written to Mtispero to have the S(|ueezes of the 
Pyramid inscriptions examined to ascertain wdiether certain verbal 
forms contained a letter t at the end. The point was of importtince 
for settling a question of Egyjitian grammar. Vaspero entrusted 
several of his students with the task who reported th;it there were 
no traces of the t. "You see.” added Maspero, in recounting the 
incident to Professor Breasted, "the old Egyptituis who wrote the 
Pyramid texts did not pos-ess a copy of Ennan's granimtir." It stib- 
sequenth' turned out, however. th;it Erman was correct and that the t 
was there. 

The anecdote affords an illustration of the difficulties that schol- 
ars in the earlier sta.ges of the decipherment of strange signs, re- 
vealing a strange language, have to contend with. Decipherment of 
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a new script even when a kev has been found necessarily involves 
" gue-sinif '■ — and "uesses may be ritjht or wrong-. It is only by 
rigid sehAcriticisni and by testing results at every stage in the 
process of unravelling the mysteries of a script that the correct 
guess becomes a scientihc fact. When Maspero began his career, 
the ■■guessing” sttige had not yet been ptisscd either in Egyptology 
or Ass\ ritilogv : and though remarkable results had been achievefi 
through schohtrs like T.epsius. Mtiriette. Brugsch and Le Page 
Renouf in Eg\pti;in, ;ind l)v llincks. Rawlinson, Xorris and Lcnor- 
niant ;md ( )ppcrt in .\ss_\ riology. yet the grctund was uncertain un- 
der the feet of men who still belonged to the age of the ■‘pioneers.” 
The inttin tlifhcult} in the ctise of Eg_\pii;in was the tib'ence of older 
texts. The Rosetta Stone belonged to a very kite period, and until 
the active and systemtitic exc;i\ aliems began in Ifgypt in the late 
seventies, under Mariette. followed by the tictivities of the I'.gyptian 
Exploration E'und and of the German government, the texts at the 
disposal of scholars belonged for the kirger part to the later dynasties 
of Egyjjt. what is now known as the Middle Kingdom. It was the 
great achievement of IMaspero to have hrst made accessible the in- 
scriptions found in the Pyramids at Sakkara — the cemetery of an- 
cient ^Memphis — under which the kings of the fifth and sixth dynas- 
ties lay buried. The Pyramids were opened just at the time that 
iMariette. the distinguished and indefatigable head of the Bulak 
Museum, lay on his death-bed. News of the discovery was brought 
to him by his associate. Heinrich Brugsch. but it was left to Mari- 
ette's natural successor, the young Maspero, to copy the texts with 
hi' own hand and without delay to make them accessible. In the 
opinion of Egyptologists this achievement at the age of thirtv-five 
remains his greatest work, for although some of his readings have 
been set aside ami some of his interpretations have been superseded 
by later inve.stigations. the decijiherment was eminentlv successful. 
Through this feat he kiid the foundations for the methodical studv 
of Egyptian grammar on the basis of early and original texts, in- 
stead of later ones, which were in many cases impierfect Coptics. 
This applied more particularly to the great and miscellaneous collec- 
tion of sjtells and hymns, conventionally known as the " Book of 
the Dead," the correct title of which is “The Book of the Going 
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Out into the Dav." Maspero rccoun’.ZLil that ilte I’Nrainiii texts 
fiiniishehi in archaic form the olik-'i recen';ii!i ,>f ih.e ci il!cc;ii):i, and 
th.at these texts mu^t primarih he u>ed fur liLternindii'e ih.e ,'truc- 
ture of the F.yaptian kiiieiuiee iuiil for U’.e ~tu.!_\ nf the early re- 
ligious lieliefs. ?\f;i'pero :htt< opened up the -tCoud era of l'.e>plo- 
logicttl re.-'Ctirch. tind ;i>sociated hi^ lUii’.’.e for ;dl lime-- with ihiii of 
Chanipollion. 

He had hec'it >ent to I'-gvpt in iSSo h\- i';e I'lxnch government 
as the head of a mis.'ion to e^tabli'h tl’e lu'tnut I'rancai' de TArclte- 
ologie CUientale at Cairo — Tounded to carry on exeat ations atid tit 
t.n-i.ini.ote archteological re-ettreh throngli puhl.c.ition-. ( in th.e d.eath 
of iMariette, the Kltedive ttppointed M.i'pero ilirector of the 
IMuseum, a pcot which he retained, for a perio 1 i,{ i]w e-ears. De- 
spite his e.xacting labors in tliat caTcicitv. re-td.erci! more ilitficult by 
the chicaneries of :m Cirienitd government, h.e con.tinue'! to edit his 
Rccvcil and to carry on his favorite re-earches. He al-o retained 
his professorship at the College de France and spent a portion of 
each }-ear at Paris, devote-l to teaching and writing. In he was 
elected a member of the .-Veademie des Inscriptions et iC-lle'-Lcttres. 
and when in iSf!; he resigned h.i= post at Cairo, he returned, to Ptiris 
the acknowledged heatl of Frcnclt Egrptologi-t-. roengnized through- 
out the world as an authority of the very hr-t rank. 

The next fourteen years, from 1RS5 to A were spent in Paris. 
During this period he devoted liimsclf to the training of voting stu- 
dents of Egyptology, and exhibited a fruitfulness in research even 
more astonishing than his previous achievements. Besides the ar- 
ticles in his Recite;!, his contributions appeared in numerous jour- 
nals outside his native land. Fong memoirs alternated with shorter 
articles — ranging over the entire domain of Eg\-ptologv. .\mong 
popular works which appeared during this period were his Life in 
Ancient Egypt,” his “ iManttal of Egyptian .\rchteology and Guide 
to the Study of Antiquities in Egypt ” and his “ Contes Populaires 
de I’Egypte Ancienne — the last named a collection of tales, charm- 
ingly translated into French with a delightful introduction, set- 
ting forth the nature of this branch of Egyptian literature. The 
collection includes the famous story of ” The Two Brothers.” which 
wandered to the ancient Hebrews and became part of the popular 



SIR GASTOX MASPERO. 


IX 


folklore which found a literary expression in the dramatic story of 
Joseph and the wife of the Egyptian official who, by the way, was 
not Pcjtiphar’s wife. It is time to relieve this lady of the unjust sus- 
picion that has attached to her for several thousand years. 

In iSc)(; he was again called back to Egypt, this time as the di- 
rector of the Service of Antiquities. By the Anglo-French agree- 
ment wherebv, in return for allowing them free scope in Algiers, 
the French government waived further claims on Egypt in favor of 
the English, the English government granted the French the con- 
tinutince of one privilege in E.gypt — the supervision of the excava- 
tions of Egvptian rein.ain'-. This concession was coniirmed by the 
Convention of 1004 between England and France in regard to Mo- 
rocco, The English were interested in live Egyptians and left the 
mummies to the I'rench. I sn[i]iose thtit it is a fair question which 
nation got the better of the b;irg;iin. The living present is always 
troublesome — that is wluit it exists for — but it is a grievous error 
to suppose that the dead past belongs in the region where the wicked 
cease from troubling and the weary are at rest. If we allowed the 
dead past to bury its dead that m.ight be the case, but archteology in- 
sists upon exhuming the past, and it is amazing to see how much 
trouble these old Pharaohs, who built their temples millenniums ago 
and who have been lying beneath their pyramids and in their rock- 
cut tombs for ever so long, can make when you dig them up. With 
English, French and German archteologists, backed by their govern- 
ments, completing for the privilege of exhuming the past, the task of 
the mediator between rival claims was hard indeed. The reviving 
interest in archaeological research made it imperative to have at the 
head of the Service, which was in control of all work on the tombs 
and temiiles, a man of tact and judgment, one in whose fairness and 
ability all couUl have confidence. One Frenchman after the other 
tried the job of director and left the post — exhausted hv worrv — 
and in an unhajipy frame of mind. Waspero was called in as a 
last resort in 1S90 and maintained the headship till 1914 — a period 
of fifteen years. 

If the preceding fourteen years were his years of greatest scien- 
tific activity, the succeeding lifteen were those of greatest public 
service. His time and strength were given to the difficult task be- 
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fore him, which iiivolvetl the reoritani/aium of the Serwce, in >uch 
a wav as to ensure niethoilical exploration' tltroueh. the \ar!ou^ 
agencies, the French Archteological lii'titute, the Le\pu:in l.xplora- 
tion Fund, the Gernitin ( )rieiital Fuciet_\ , and the American in>iitu- 
tions and certtiin individ.ual' to whom penni'>ion to carr\ on th.e 
work was granted, d'he loriiier loo'c method,' w ere tih.md.oneil :uid 
the great nlolUlnlent^ of ancient Fg\pt — 'Uch .t' th.e umpk' of 
Luxor and Ktinitik — were [irotecied tigtim.'t 'poh.anon, 

A jtill greater iti.'k wtu hi.' reorganization of the n.ilit e mu'euni, 
involving the transfer front inadenuate quarterr- til llulak to a 'pleti- 
did construction in Khtisr-en-Xil at kairo 'I'h.rough the fnntful 
results of Egyptian excav;ltlO^^. the choice piece' of which laiutiined 
in the country, this Museum ha> hecome the line'i collection of 
Egyptian Antiquities in the world. At the .'tune time 'Uch w.i' th.e 
wealth of material reci'wered and such the wt'c. geueroii' police 
pursued by iMaspcro with his keen aitd. unrivalled know lealge of Egvp- 
tian --Vrchteology. knowing exactly what ti.i keep and what to semi 
out of the country to enrich the mu>eums of Eurcipe and the L'nited 
States, the explorers received a suitrdjle 'htire of the discoveries 
made. To have carried out such a ta^k ^ucce'^fully i' to he>tow 
the highest possible praise on the htirmonious crimhination in one 
man of undisputed authoritative knowledge, keen juilgment, wise 
tact, generosity, broadminded foresight and ^plendld executive abil- 
ities. 

That during these years so fully occupied with executive duties 
he should have found it jtos^ihle to keep himself ahrea.'t with the 
results of excavations carried on now bv a large group of schokirs in 
all parts of Europe and this country, and to have continneil his own 
investigations in his contributions to the Rciiici!. to the [iiihlications 
of the French .Trchaeological Institute of Cairo and to numerous 
other journals, is a striking testimony to his nitirvelluu' powers of 
work The preparation of a catalogue of the great Cairo collection, 
cjuite apart from the labor involved in its installation, would in itself 
have absorbed the energies of the ordinary scholar, who was not en- 
tirely swamped by the daily routine of executive duties. i\Las[)cro 
found time to bring out several volumes of “ Etudes Egyptiennes ” 
and to gather the memoirs and essays of French Egvjitologists in a 
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‘‘ Bibliotheque Egvptienne,” of which nine volumes alone constitute 
his own contributions, thus brought together from the various 
mediums through which they were originally published. He wrote 
a large number of less technical articles for the Journal das Dabats 
and the literarv periodicals of France, some of which were collected 
in a volume " Ruines et Pay sages d'lygypte.” He found time even 
to write reviews of the works of others. Most of these reviews 
were of jmblications within his speci.d held, hut not infrequently he 
went outside of it to call attention to productions in the larger 
realm of Ctriental history, religion, archa-ology or art. It was a 
privilege indeed to have (jiie's work passed upon by such a master. 
He could be severe anil c.austic, but he w:is aPo invariably kind and 
generous and enctiuraging to the younger men as they arose in the 
ranks. I trust that I may be pardoned for a personal allusion by 
referring to the encouragement that I received as a young man by 
the honor of having my first larger publication — about twenty years 
ago — reviewed by iMaspero. 

His last importtmt work, published late in 1012 and appearing in 
several languages, was an illustrated manual ‘‘ Art in Egypt ” sum- 
marizing and elucidating the periotls and characteristic features of 
Egyptian art in a manner that he alone, with his unrivalled knowl- 
edge. was capable of doing. This was followed in 1913 by an Eng- 
lish translation of his collected " Studies in Egyptian .-krt " that had 
appeared in various journals during the past thirtv vears. 

But he carried on all this heavv burden of activitv at the expense 
of his health. His executive duties bore heavilv on him as the vears 
rolled on ; the hours that he snatched for his own scientific and lit- 
erary bailors were stolen from a leisure to which he was richlv en- 
titled. For him, as for so many unceasing workers, the motto of 
life was "Repos ailleurs " — a noble but a fatal motto. I saw Pro 
fessor IMaspero for the kist time in the spring of 1012. During the 
fifteen years that had elapsed since I met him in Paris at the Inter- 
national Congress of Orientalists, he h;id grown old and he ap- 
peared to be — what in effect he was — worn nut bv his incessant 
labors. He apologized for not being able to devote more time to 
visitors, because of the pressure of the work, and one saw that he 
was obliged to be feverishly active in order to get through the tasks 
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of the dav. He complained in his tjuiei way that he was obliged to 
spend his diavs in executite and routine ta'ks. “ ( )iily the even- 
ings," he remarked. " c;in 1 cal! mv own, and thc'^e 1 niiisl rc'cree 
for m\' Work." 

His he.dlh be”, in to fa.il. a,.' a resuit. ”.o .loui't. of this str.iiii ; hi' 
eve-sight, loo — lie was alw.i}' \ery ne.ir-'iLthted — iiegan to 'Htter. 
and ill tlie spring of I014 lie resigned his post in the hope of tiijoy- 
ing some remaining' ye.u's to be detoted to hi' fatonie stiulie'. and 
in carrying fan the congenial '!iuie' of Secrwuhre i’erpetue! of the 
-vcademic dc' Inscriptions el llelles-Lettrc'. to which lie was elected 
when it hecanie known that lie intemied to return to Paris, He 
reached, home in August, just as the War hroke out. only to ‘pc struck 
di'.iwn h}' ait attack cu' lieari d.ist,;ise. from winch he luver fuily re- 
covered. ’ihe War brought d.eep sorrow to him a' .1 Fre'teh patrii'it, 
and also a severe persontd hereaveine-n: in the d.eaih of his talentsd 
son. Jean Maspero. wlio fell in battle ion the 17th of I'ehruary. 1015. 
Jean }.Iaspcro was following in the footsteps of hi> father and had 
already achieved a high repupiti'an as one of the most lirilliant of 
the younger schokirs of France when he gave up h.is life to his 
country. The ftither writes ptithetictilly of th.is: "Until now I felt 
considertibly younger thtui my .age. 1 cannot tell you how I have 
aged in a few months." Tlie blow, no doubt, hastened the end. and 
he died sudilcnly at a meeting of the French Academy, of which 
for over forty years he had been one of the most distinguished 
members. 

Ihe death of iMaspero suggests a remark of a more .general 
character. To the man of science such a catastrophe as this, the 
most tragic war in history, brings a sorrow additiontil to that which 
affects the patriots of ;dl the belligerent nations 1 and of neutrals as 
well), for it means the severanee of internationtd ties which in the 
case of iMaspero were particularly numerous and close. Through 
his writings and through his directorship of the Service of Anti- 
quities he was brought into contact with the scholars of all nations — 
not least with the savants of Germany, whose activitv in Egyptology, 
as in all branches of science, is so marked. Flis Rccucil was open 
to the scholars of all lands — its international character was shown 
by the large number of contributions that appeared in it in Ger- 
man and English. Absorbed as W'e naturally are by the more ob- 
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viuiiN tragic aspects of the great conflict, by the frightful loss of life 
anil hv its economic disasters, we seldom stop to think of its appalling 
effect in severing the international bond' crea.ted by scholarship, 
;md which count for so much in th.e tidytincement of humtm knowl- 
edge. SchoI.ir>hip is ]icrh;i])s tlie most potent of the forces work- 
ing for amitv ;md mutual understtuid.ing timong nations, upon which 
in the last amilvsis the peace of the world rests. Imcrntitional gath- 
ering- of scholars, that have multiplied gretitly during the p;ist 
twentv Years :md now cover all iields — med.icine, the naturtd sciences, 
philosophv, p-vcholog\', .'inthropolngv, philcilogy, history and archte- 
ol'igv. were contributing tow.ird- this end. At otie Idow all these 
efforts were '\\e]it ti-ide ;md all hopes for the future shattered. 
Xaspero mu<i Itavc felt — perhajis m.ore keenly than most scholars — 
the cruel ^:I■uke w hich umlid the work of yetu's. Without the coi ipcr- 
aiion of the sch.olars of :dl cou".trie< — ;ind more particukirly of the 
two. France and Gc-nn.ar.y. that take tlie letid in scholarship in most 
fields — international congre'-es ;ire impossible. This generation 
will pass away lieftire ;i new era may dawn wlten the scholars of 
the world will agtiin he enabled tr) meet in council and to work to- 
gether for the tulvtincement of the highest aims of humanity. 

iMany were the Itonors tlttit ctinie to Ma-pero during his career 
from all parts of the world. The Academies of England, Germany, 
Austria. Holland. Belgium and Italy and the learned societies of this 
country elected him to honorary membership. The American Philo- 
sopical Society elected him to membership in 1891. In 1909 King Ed- 
ward bestowed a knighthood on him in recognition of his eminent 
services to science — a very exceptional distinction in the case of a 
foreigner. He was made a Kniglit-Commander of St. IMichael and 
St. George ; but perhaps the most significant of all tributes to him 
is the circumstance that the directorship of the Service still remains 
vacant, two years after he left it. This may be due in part to the 
war, but in large part it is because no one has been found fitted to 
take his place. 

If there is such a thing as a fitting death. Sir Gaston IMaspero 
was granted this privilege — to pass away under the shadow of the 
venerable edifice on the Seine that symbolizes the intellectual glorv 
of France, and to whose luster he added by his distinguished career. 

Morris J.xstrow. Jr. 
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I h;ive bcL-n aske>l tu prcM-iU a paper C'li'an eini iimpn c uf mir Lite 
associuLtc, Sa.nnicl Dick-dii. h liaril tn real:/e ii lu- dcaik 
W'c have ^ee^ him in thi> hal! 'H efie;! th.at lii' jare'e-’.! apja-ara'iec 
in }'u!iJcr dourway wouhl iin: --een’. I’.p.nati'.r.d W'la i’.e\ i r h.e en- 
terei.l our a^semlily all e>e' tuiau-d tewaiai' Irm i-;':’i'a'ti\a i> . Hi' 
tall form, hi? almO't maji, 'f.c mien, hm wh.r.e Ivor, h,’' e\ o- 

hrow'. ha? caroiitlly trijinreil he.ard ami id' .air ef d.^dnafea enir.- 
pelled. attention. I recall ihat wlun X.i'i'en. ih.e \rct'c c-xp'drer, 
\va? ai1dre'?inq: U'. it 'O h.appeiie.l that Mr lhci-.'ie), .Pma.oa- i ledi-ye 
F. Fdmund' .and -Vd.nnral .Mehille '.n .':■!< ii. ' dn- in the fomt rmv. 
ami ;i' I loriked at the.'c leinine nie’i 1 re.,l:ze'! v. hat th.e ' I. ini' inu?t 
have felt \\hen rii>i tlic_\ ^a\v the Rdmtm Sentite. 

Mr. Dick?on \va? ;i marked man i''.;el!ectu;i!l_v. \\’h:iie\-er he 
said. \vhate\'er h.e wrote tittr.actcd attention ImMe Mcl’her'nn ha? 
put it in the happiest way : 

-A-I'.ri wi’O wrote lietter Erel''!'. I'.\ e'a\ tiaile te \\ ! .ch lie 'et I’l? pe’l 

had a certain distincT'-C*;’, ahont ;t a cri'p and \'v;d handhne. a happy turn of 
phrase, the cc.oicc ijt th.e ir.cv.trJ.le word He pos.ses'cd that iiale rlnahle 
sometl'.ing we call th.e literary touch, th.e atnio-phcre of rennenter.t. rif ahour.d.. 
ing knowledge, of 'pnet power, of halancei' judgment, of unfailing ge'od ta'te, 
that can never he acquire'! as one acquires a niecharic art. , . It wa^ a keen 

plea.sure t'o he-ar h.im talk e\en in rlie casual e.t'c '.a* familiar 'jjeech ; it was 
a delight to read anything lie tcisk the trouble to wr.te, for he wrote noth.ing 
carelessly, hut was at pains to leave Ills admirable stamp up'sn C'Crresjinmience 
and minute and te>rmal address alike We iia\e all eiij'jeed ami [ironted Iw 
his too rare letters upon public (lUe'tions, and were always sure that the 
familiar (S D i at the- end was a guaranty of thouginful, lucid di'CUssion, 
always adorned by the .grace of expression, and often illumined by the lam- 
bent pla\' of irone- or liumor.” 

iilr. Patterson of the Pittsburgh bar, who has succeeded Mr. 
Dickson as chairman of our State Board of Law Fxaminers, said 
of him : 
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"As \uii came in contact with him \ou felt that atmos;)liere — I hardly 
know how to describe it. It was more like the fabled breeze that did not 
come from tl'e haunts of men. Tennyson, you remember, described the wind 
tliat blows all day in a land 'where no man is or hatli been since th.e making 
of tile wtitld' Th.at expresses my thought somewhat of sometlling winch is 
entirely apart or free from any stain or taint of other things or of person- 
ality Farth.er even would he go than those of us who were with him could 
go. and newer once did he falter in the integrity, clearness and the forcibleness 
of his conclusions.” 

Hun. luhn llas-ett riloore said of hint: 

“Always abreast of the fmes. eagerly noting the latest developments in 
science, in industre and m nolitics. it may be said that lie made almost daily 
excursions into the fields of lii'tory and literature. He did not. indeed, figure 
in the category of omnnorous read.ers. who devour voraciously whatever 
falls in tiieir way, good, and had.. His mind was too deb.c.itely and sensi- 
tively organized for such a feat, lie was shigularly discriminating, Th.e 
worth.less lie instinctiveh rejected hut th.ere was little of real am! permanent 
value that escaiml him. .\s a re-ult it was a'waes a d.eliglu to talk with him. 
and Ins interlocutor never went away eniptehar.ded. On tl’c cmitrary. although 
lie miglit feel a sense of hunger rati’er than of satiety, he couhl at any rate 
affirm in th.e felicitous phrase of Uryden. tliat lie had 'not wanted sweet dis- 
course. th.e haiiejuet of the mind.'” 

Mr, J, I.overins' Jones, one of Mr. Dickson's colleagues in the 
board of trustees of the University rif Pennsylvania, said of him: 

■' There was a delicate austerity in his sense of lionor. Deviation from 
intellectual or legal rectitude was intoleraljlc to him Upon a qui-stirin where 
eitiier was involved, he made no argument He would, simply make a gesture 
and render a decision. . , He possessed a native dignity of manner, but 
mingled with it an uiiattccted modesty This gave him the fortunate faculnv 
in th.e discussiuii of moral (lUesnons, of separating h.imscif from the subject 
under consideration. M'hat he saiil. therefore, became charged with an 
unusual and invincible force. He rested, in such observations, upon simple 
and eternal prmc'ples. He conveyed no idea of persona! relation to them. 
As a declarant or analyst he was only dealing with ethical and spiritual 
matters " 

iMr. C, Stuart Patterson .said of hint; 

" He was a man of strong convictions, and he never was lacking in the 
courage needed for their expression, and yet he was exceptionally broad- 
minded and tolerant of differences of opinion, and he could always see and 
do full justice to the merits of the ojiposing view. He was by temperament 
conservative; yet. even in his later years, his con.scrvatism was not the unrea- 
soning conservatism of old a.ge. but it was an intelligent conservatism based 
upon an accurate knowledge of existing conditions, and a just estimate of the 
probable results of proposed innovations. In social intercourse Mr. Dickson 
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was one 0 t tlie most dclii;!’-tfu! ni coir.'.'amun' H!^ rLaiin o 
and varied, and iic liad tliounlit mucii a^ ti' v.i.'cn la 

talk was 

' Rie'n Wiih all treasure npdr.i'.'. n fri-m tie ct;' 

W'iiere liee tile Karnmn ni tia ar ennt '.s ■ r’ i ' 

Former Chief Justice Mitchell 'iiiil; 

" klr link'. a; w.i- initurally a scknlar. a ''.laVit I" i 
lie niieiit e\er leivi iitn c.ddaii a '■ .. ■k''’’ ri.c" In .it v. .c, 
tion r,x tner'ret cal ki'O'.x .e- -ce , v. ’’ en ii *rti'natc ■ v t w i.nn 
early in hfc wae Mijii'kiiitedi 'w ,,n. c uiniiie-it v.i -c'l .'.e-n.i 

viiat miy'.'t Iw called lc.!~.re" C'.ikne' IK .1 ;r, 

r.eier was siir;ias>ed ny ant tc . ^ Ci*'’:e :t.ni.r,inK ' ^ 1 t. \ 

(leveled to tile most irnr'e'''ta:'t kt eat."", le : e . t. r '.it te : 
lent of sela.ilarslap , , Xatu-a'.'.;- a i.' ;e ''-n,, 

accomplulu'd. a man of at'fairs a' ti e I’i'-la'lel;.' -a K -r 'c "e 

Chief Justice Brown saitl : 

"A pnnce- in r.nr Israel ha= fallen Fe.r, of ;, e U' ..n-i :-i'i . : ia ■ . A 
has gone to ins fathers in. peace His it"arv : ^ad. -.•.a.- a cr.i“,:t 1 : ai""'', I'lr 
liis Mays Were v.aes of nyl.te'onei.e Samr.e! U.cksor \sas a c > d man 
wi’0^e niemor} is peeca.m- t- all v.i;,. knew 1 i'u IK was s,!.an'a--'y f.cti.ful 
to every duty that canto t.'. it m ; h.e was cultured, and. reared. , 1 e was an 
upright citizen, a very learn-.d lawyer ami a Ci'rist.an centleinait." 

I have citllecl these trihiitos and th.ese discriminatiuci tind pene- 
trating analyses of his cltaractcr from the Proceed.inys of the Meet- 
ing of The Philadelphia Bar. held June 7. 1015, and placed them 
side by sirle because they give you a complete picture of the man. 
It only remains for me to give you a sketch of his active life. 

He was born at Xewbitrgh, Xew York, Februarv 2. i,‘?37, and 
came when a lad to the city of Philadelphia, comparativelv unknown, 
and with no advantage of local relationships. His school days 
were spent in the Classical Institute of the Rev. Tohn \V. Faires. 
the best teacher of his time in preparing bovs for college. Fie en- 
tered the Arts Department of the University of Pennsvlvania in 
1851, and graduated in 1855 with the degree of B.A. Registering 
as a student of law in the office of Constant Guillou. Esq., he was 
admitted to the bar in October, 1858. supporting himself during this 
term of three years by acting as first assistant in the school of Dr. 
Faires, instructing the highest classes in Greek and Latin, and to the 
end of his days his Flomer and his Horace were as familiar to his 
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pen and tongue as Shakespeare, \\ ordsworth, Byron and Keats. 
\\ hile waiting for practice he devoted himself for two years to edi- 
torial labors upon The Age, the then leading Democratic newspaper 
published in Philadelphia. The skill and the experience he there 
acquired gave him " the i)en of a ready writer,’’ an accomplishment 
he never lost. In December, i.%o, he became the librarian of the 
Law Association .of Philadelphia as the successor of the scholarly 
bibliophile, John Villiam Wallace, who later became the reporter of 
the decisions of the Supreme Court of the L'nited States and still 
later president rif the Historical Society of Pennsylvania. From 
the old folios and black letter octavo-; illustratin.g the growth of the 
English Common Law. collected largely by Air. Wallace. Air. Dick- 
son acquired that knowledge of legal biblio.graphy and that taste 
for legal history which in after years contributed so largely to the 
matter and manner of his forensic discussions. 

From the fate of the bookworm and the mea.ger salary of a 
librarian he was snatched in 1865 by the discernment of that incom- 
parable business man's businesslike lawyer John C. Bullitt, who ap- 
preciated the learning and legal ability of younger men, and had 
need of a partner so equipped. Thus Air. Dickson was, quite early in 
life, introduced to business associations, which later he came to com- 
mand. The law partnership thus formed in 1S65 lasted until Air. 
Bullitt’s death in 1902. A third partner was admitted in the interim 
in the person of Richard C. Dale, whose untimely death in 1905 de- 
prived the profession of one of its most conspicuous ornaments and 
buttresses of strength. He then organized the present firm of Dick- 
son. Beitler and AIcCouch. He served as a member of the commit- 
tee of censors of the Law Association of Philadelphia from 1873 to 
1890 and was a stern upholder of the purity of legal ethics. He 
served again in this position from 1872 to 1896. when he became the 
vice-chancellor of the .Association, serving for three vears, when he 
was elected chancellor and held the place by successive annual re- 
elections for ten years, a term of service exceeded onlv bv Air. AAhn. 
AI. Aleredith and Air. George W. Biddle out of a list of ten prede- 
cessors, and which, under the present by-laws, can never again be 
equaled. He served his alma mater as a trustee of the Univers’itv 
of Pennsylvania for a period of thirty-three years — from 18S1 until 
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his death — haviiitj l)een a iiieiiiher of the haw eUnmiittee ^iIlce iSSj, 
chairman of that conuiiittee -iince ;uul ;i meniher of the 1'i- 

nance Committee since iSi)4 

In 1805 he tictcd ch.airniau of ;i ciunniiiiee of tweinv-one 
leaders of the btir from all pa.rtN of the coinn’.onw eahh which or- 
ganized the I'enn-} 1 \ ania Htir A"Ociation. and wai' clio-en ;t' second 
president. IHs adilre-^ ;is pre-ideitt. upon “The I )evelopinen: in 
Pennsylvtinia of Coii'titution.d. Re'ir.'.int> upon the I’ower and Pro- 
cedure of the Leg:>lature." wa- ;i' nmahle :i> a hi-toric.il ire, lU'C 
upon our con-titutional growth co it was adniirahle for the clea.rness 
and vigor of its vieW'. After yicMiiig his pre-idencv he did not, 
as so mtiny ex-prc'tdent' di'!. lo^e iuterot in the work, hut con- 
tinued his active rel;;tion-.hi]) to ilw .\^.•-ociation. and in looa, kirgelv 
at his instance, and because of hi' character, wdtich wa,' a 'ufficient 
surety agaiu't unitiir i.w ariiitrary discrimination in th.e exerci>e of 
new :ind unU'U.d power', the .'Supreme t'ourt cretitw! the .''la.te 
Board of Law Kxtmiiners of nve nle^lber^. and tippointed him :i 
member. He inimeilititely iiectmie its chairnitm and remained in 
that position until his detiih. Ilis ^ue'ccs'Or as chairni.m h;is de- 
scribed him exactly; " Thrmgh thus the centrtd hgatre rif that or- 
ganization and the reprc'enttuive of the Bar of the 'ttite. he im- 
pressed one 'trongly with the fact of his complete ignora-ice of 
his being the one or the other. He moved among us as i‘[uietly and 
as gently, as inconspicuously, as a tyro. It was an achievement. 
It was sfiinething out f>f the way to see one wdio wtis so great pass 
so quietly and modestly among us." 

In June, 1907, he was appointed by the board of iinlges a mem- 
ber of the board of directors of the City Trusts of Philadelphia 
charged specihctdly with the practical administration of the estite 
of Stephen Girard, and. served that most splendid of municipal 
chanties wdth active and well-informed zeal until the close of his 
life. He was a manager of the Wistar Institute of .-\natomy and 
Biology, founded by the munificence of our own former president 
Isaac Vistar. He sat as director in the hoards of fifteen corpora- 
tions, among which w-ere the Lehigh Coal and Xavigation Com- 
pany, The Lehigh and Xew TIngland Railroad Companv, The Lehigh 
and Wilkes-Barre Coal Company, The Lehigh Xavigation Fdectric 
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Cunipanv, The Fourth Street Xational Bank, and The Corn Ex- 
change Xational Bank. The mere mention of these names is suffi- 
cient to attest the magnitude and importance of their interests. He 
was also a memher of no less than thirty literary, social, scientific 
and charitable associations, of which The Shakespeare Society, The 
iMahooanv Tree Dinintt Club. Ihe I.awyers' Club, Ihe Legal Club, 
The American Bar Association, d'he Down Town Club, and The 
Triplets are deserving of jjarticular mention. During the life time 
of Judge Sharswood. he w.as a member of a small but choice coterie 
especiallv interested m the study of political economy, among whom 
were the kite E. Coppee Mitchell and James Ikirsons. both of whom 
were subsepuentlv in the fa.culty of the Law School: and he was also 
interested in the literary studies of the English poets of the Lake 
School coinlucted by the late Asa 1 . Fish, a man of “ fragrant mem- 
mory," to use an old but expressive phrase. 

His relations to the Atnerican Philosophical Society date from 
his election as a member April iS. 1884. He served as councillor 
during the years 1906-08. 1910-12, and lOM-H- He also, from 
time to time, served on important committees, notably the one 
charged with the arrangements of the Franklin Bi-Centennial. He 
was elected to the M'istar party in 1S87 A'as chairman of its 
executive committee from 1902-1909, in which latter year he suc- 
ceeded Henry Charles Lea as Dean, and served in that office until 
his death. As a host he was charming, radiating hospitality and 
warmth. 

IMr. Dickson was a widely travelled man both in Europe and 
America. One who knew him w ell wrote : 

" He had a wonderful renicmbrance of the places visited and could lay 
out from memory an itinerary for a friend in Italy or Switzerland which was 
practicable in every detail, Hn- travels in Greece were the subject of a de- 
lightful address delivered at the Uiiiver.sity of Pennsylvania, Mu.sic he loved, 
and the theater and his recollections of the great singers and actors made an 
interesting part of his many-sided conversation.” 

I mvself recall a scene of my Law student days, when on visiting 
the Catskills I saw Mr. Dickson, then in his very prime, seated upon 
the hroad ledge of rock, which jutted out over the valley in front of 
the ^ilountain House, in animatoti conversation with iMr. Justice 
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Bradlev of the Supreme Court of the Lniied States: the venerable 
Chief Tustice Reaslev of Xew Tersev, (leorge Hardinsj, the famous 
patent lawyer who hail won the iNlorse I'.lectric i ele^'rtiph case, and 
the iMcCormick Rea;)er case, and the puaint old-fashioned Asa I. 
Fish, who was phv.-'icallv the counterpart of Mr. Pickwick, and 
mentally his exact opposite. It was an unu^tlal company for a law 
student to join, and I li^tened to a discussion of the famous Slaugh- 
ter House Cases, but recently decided by the hitthest tribunal in the 
nation, where Justices Bradlev anil Field had dissented from the 
majoritv. a discus.-'ion which impressed me deeply, so animated had 
the debate become. Nlany years later I saw iNJr. Dickson on the 
broad piazzas of the United States Hotel at Saratotra in conversa- 
tion with E. T. Phelps, of \'erniont. and Joseph Id (.dtoate, both of 
them subsequently ambtissadors to Great Britain, and ymupod. .about 
them were iMoreheld Storey, of Boston. Simeon E. Baldwin, of Con- 
necticut. judge, governor and publicist, and John 1 '. Dillon, who left 
the federal bench to become a. renowneil advocate before the Su- 
preme Court of the United States; Janies C. b'arter. the greatest 
forensic jurist of his day, and Henry C. Hitchcock, of iMissottri, an 
eminent disciple of the school of John Marshall. It is no wonder 
then that with such associates iMr. Dickson became “one of the 
honor men of the Bar of the United States." Indeed, it is known 
that when, through the death of Chief Justice Waite, a vacancy 
existed in the highest judicial office of the nation. President Cleve- 
land seriously contemplated sending iMr. Dickson’s name to the 
Senate, and nothing but a narrow view of his relationship as counsel 
to great corporations prevented his doing so. 

It is as a leader of the Bar that he must be finally considered. 
Admitted to the Bar of Philadelphia in 1S58. of all the men who 
were slightly his seniors in standing but seven survived him, and of 
the fifty-nine men who were admitted in the same vear but two re- 
mained. This impressive fact, while in one sense indicating the av- 
erage shortness and uncertainty of life, in another illustrated the 
persistency of his leadership. From 1776 to 1858 — a period of 
eighty-two years — there were admitted to the Philadelphia Bar in 
all 2,786 men ; at the time of his death there were 2,936 names upon 
the roll of living lawyers. This*fact indicated the great growth in 
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Bar membership during the life time of iMr. Dickson, and empha- 
sized not only the relative significance of his leadership, but the 
circumstance that to the vast majority of the present Bar he must 
have appeared as a venerable man. In truth, it is the prolonged life 
of a great leader that binds the generations and centuries of lawyers 
together. Just as Horace Binney bound his own generation of Ser- 
geants and Chaunceys to that of William Lewis, Edward Tilghman 
and Jared Ingersoll — the leaders of the Old Bar, as IMr. Binney 
called them in his classic brochure of that title — and just as iMr. 
Wm. i\I. iMeredith bound that of John W. Read. George Stroud, 
Eli K. Price and John Cadwalader to that of Mr. Binney. so Samuel 
Dickson has bound his own generation to that of George Sharswood, 
William Strong. R. C. McMurtrie, George W. Biddle. Furman Shep- 
pard and Theodore Cuyler. It is curious to note how long some of 
these overlapping lives have been, for while more than half a gen- 
eration younger than IMr. Dickson, I can distinctly recall not only 
the forms and the features, but even the voices of Horace Binney, 
who was admitted to the Bar in 1800; of James J. Barclay and 
Henry J. M'illiams, who were admitted in 1S15; of David Paul 
Brown, who was admitted in 1816: of William iM. IMeredith, who 
was admitted in 1S17; and of Eli K. Price, who was admitted in 
1822. Yet each man stood in his day and generation for certain 
distinct phases of legal principles which cannot be confounded with 
those of a later time. 

The law. while fixed and stable, undergoes successive changes, 
due to the development of society and to the multiplication of busi- 
ness issues which varc- from generation to generation. IMr. Dick- 
son’s career is a striking illustration of this. While Air. AIcAIurtrie 
and his contemporaries relied upon the law of Lord Tenterden, 
Chief Justice Gibson and Baron Parke, and upon the equity of Lord 
Eldon and Chief Justice Tilghman, Air. Pickson, while thoroughly 
familiar with the older precedents, espoused and enforced in argu- 
ment the law of Baron Bramwell, Lord Blackburn and Air. Ben- 
jamin and the equity of Sir George Jessel, Lord Esher and Lord 
Cairns. His arguments in the Supreme Court of the United States 
are proofs of this, notably in Norrington fw Wright (115 U. S. 
188), and Aleehan vs. Valentine (*145 L^. S. 611), in the first of 
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which he discussed the divisibility of a time contract to be met by 
instalment deliveries, and in the second, in which he sustained the 
more recent rule that participation in profits is presumptive but not 
conclusive proof of a partnership. In tlie same way his numerous 
engagements in the Federal Courts, and in the Supreme Court of 
Peimsvlvania, illustrate the extent and the character of his devotion 
to the complex and varied questions arising out of railroad receiver- 
ships, coal ctirrying tind mining contracts, and the various efforts at 
legiskitive restrictions upon vast combinations of capital, both cor- 
porate and individual. 

In the law of receiverships he wtis both a creator and an expert, 
and his arguments here acquired a permanent value as illuminating 
a once dtirkened chamber of equity jurisprudence. His forensic 
work in the lower courts, both in the Common Pleas and the Orphans 
Court, were marked by the same e.xcellence. thoroughness of prep- 
aration and clearness of presentation. While making no claim to 
eloquence or skill in cross examination, yet in assisting his colleagues 
in sifting and arranging evidence tmd in the preparation of briefs, he 
never overlooked a point or neglected a pertinent authority. 3ilr. 
Bullitt leaned heavily upon him in the Whitaker will case, a case as 
renowned in our annals as the famous Tichborne claim in England. 
And after l\Ir. Bullitt had gone and Mr. Dickson took the lead, his 
arguments were models of simplicity and strength, for he never 
imagined himself profound in proportion to the ability to make one's 
self obscure. Clearly do I see the shade of Samuel Dickson joining 
that majestic procession of venerable men ascending the empurpled 
heights which Virgil tells us belong to the immortals. 

Bibliography. 

His address, entitled “Ten Days in Greece ” ; “ The IMethods of 
Legal Education “ Powers and Procedure of the Legislature 
“George Sharswood “The Dedication of the Xew Law School 
Building the “ Introductory Address,” delivered by him as chan- 
cellor of the Law Association, upon the celebration of its Centen- 
nial in March, 1902, and his argument before the Anthracite Strike 
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Stated Meeting January 7 , ipi6. 

Arthur W. Goodspeed, Ph.D., in the Chair. 

Rev. James \V. Robins, D.D., owing to his inability to attend 
the meetings of the Society, presented his resignation of member- 
ship. 

The decease was announced of 

Richard Stockton Hunter, at Philadelphia, on December 17, 

1915- 

Rt. Hon. Sir Henry Enfield Roscoe, at Leatherhead, Surrey, 
England, on December 18, 1915, ast. 82. 

Arthur M'. Wright, Ph.D., at New Haven, on December 19, 
1915, jet. 80. 

George Albert Lewis, at Philadelphia, on December 23, I9i5> 
jet. 86. 

The following papers were read; 

“ The Determination of Distances of Stars from Us,” by Prof. 
John A. IMiller. 

“ The Geolog}' of Sergipe and Northeastern Bahai,” by Ralph 
H. Soper. (Communicated by Prof. John C. Branner.) 

The Judges of the Annual Election held on this day between the 
hours of 2 and 5 in the afternoon, reported that the following named 
members were elected according to the rules, regulations, and ordi- 
nances of the Society, to be the Officers for the ensuing year : 

President. 

William W. Keen. 

V ice-Presid ents. 

William B. Scott, 

Albert A. Michelson, 

Edward C. Pickering. 

Hi 
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Secretaries. 

I. ilinis Hays, 

Arthur W. Goodspeed. 

Amos P. Brown, 

Harry F. Keller. 

Curators. 

Charles L. Doolittle, 

William P. Wilson, 

Leslie W. Hiller. 

Treasurer. 

Henry La Barre Jayne. 

Councillors. 

(To serve for three years.) 

Louis A. Bauer, 

Edward P. Cheyney, 

Russell H. Chittenden, 

Charles D. Walcott. 

Stated ^Meeting February g, ipi 6 . 

WiLLi.vM Keex, H.D., LL.D., President, in the Chair. 
Prof. William E. Lingelbach (introduced by Prof. Emory R. 
Johnson) read a paper on Nationalism and the European War.” 

Stated Meeting March 5, igi 6 . 

WiLLiAji \A’. Keen. iM.D., LL.D., President, in the Chair. 
The decease was announced of Sir \Mlliam Turner, K.C.B., 
F.R.S., at Edinburgh, on Februarv' 15, 1916, tet. 85. 

The following papers were read : 

“ Predominating Reactions among the Hydrocarbons.” bv Wal- 
ter F. Rittman, Ph.D. (Introduced by Dr. Keen.) 

“ The Pathological Anatomy of Injected Chestnut Tree,” by 
Caroline Rumbold, Ph.D. ( Introduced by Prof. Hacfar- 
lane.) 
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Stated Meeting April j, igi6. 

William W. Keex, M.D., LL.D., President, in the Chair. 

The following invitations were received : 

From the Xew Jersey Historical Society to be represented at 
the opening ceremonies of the 250th anniversary of the 
founding of Newark, to be held on ^lay i. 1916. 

From the ^Massachusetts Institute of Technology to be repre- 
sented by a delegate at the opening of its new buildings on 
June 14, 1916. 

The decease was announced of the following members : 

H. C. Humphrey, on January 9. 1916. 

Louis Duncan, Ph.D., H. S. X., on February 13, 1916, ast. 53. 

William Angus Knight, LL.D.. on IMarch , 1916. let. 81. 

James Burrill Angell, LL.D., at Ann Arbor, on April i, 1916, 
let. 87. 

The following papers were read : 

" The Moving Coil Galvanometer and the Recent Improve- 
ments in its Construction and L'se for Direct Deflection 
M'ork of Precision,” by Anthony Zeleny. Ph.D., of ^lin- 
neapolis. 

" Chi Ethnological Tests of Sensation and Perception.” bv E. 
B. Titchener. D.Sc., LL.D., of Ithaca. 

Stated General Meeting April ij, 14. and 15, ipi6. 

Thursday. April ig. 

William M’. Keex, ^[.D.. LL.D.. President, in the Chair. 

Hermon Carey Bumpus. Ph.D.. Walter Bradford Cannon. A.M., 
^I.D., John Merle Coulter. Ph.D.. Luther Pfahler Eisenhart, Ph.D.. 
Leland Cls'-ian Howanl. Ph.D.. Raymond Pearl. Ph.D., and Tohn 
Zeleny. Ph.D.. recently elected members, subscribed the Laws and 
were admitted into the Societv. 

The decease was announced of Harry Clarv Tones. Ph.D., at 
Baltimore, on April 9. 1916. a?t. 50. 

The following papers were read: 

” The Popes and the Crusades.” by Dana C. Mtinro, A.M., 
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L.H.D., Professor of Medieval History, Princeton Univer- 
sity. 

“ The Common Folk of Shakespeare,” by Felix E. Schelling, 
Ph.D., Litt.D., Professor of English Literature, University 
of Pennsylvania. 

” A Rare Old-Slavonic Missal,” by J. Dyneley Prince, Ph.D., 
Professor of Semitic Languages, Columbia University. 

“ On the Art of Entering Another's Botly ; A Theme of Hindu 
Fiction,” by iMaurice Bloomfield, Ph.D., LL.D., Professor of 
Sanskrit, Johns Hopkins University. 

“The Interpretation of Mythology,” by Franz Boas. Ph.D., 
Sc.D., LL.D., Professor of Anthropology, Columbia Univer- 
sity. 

“America’s Relation to the Developments of International 
Law,” by Leo S. Rowe, Ph.D., LL.D., Profe ssor of Political 
Science, University- of Pennsylvania. 

“ The Work of the ilellon Institute in its Relations to the In- 
dustries and to the Universities," by Raymond F. Bacon, 
B.S., A.IM., Ph.D.. Director, IMellon Institute of Industrial 
Research, University of Pittsburgh. ( Introduced by Dr. 
Keen.) 

“ Sight and Signalling in the Xavy,” by Alexander Duane, 
IM.D., of New York. (Introduced by Dr. de Schweinitz.) 

“ Observations of the Mentality of Chimpanzees and Orang- 
utans ” (illustrated with motion pictures), by William H. 
Furness, 3d, A.B., M.D., of Wallingford, Pennsylvania. 

Friday, April 14. 

Executive Session — p.^o o’clock. 

William \\ . Keex, M.D., LL.D., President, in the Chair. 

The Proceedings of the Officers and Council were submitted and 
the following nominees for membership were recommended for 
election this year : 

Residents of the United States. 

William Wallace Atterbury, A.M., Radnor, Pa. 

Maxime Bbcher, A.B., Ph.D., Cambridge, Mass. 
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Percy Williams Bridgman, Ph.D., Cambridge, Mass. 

James !Mason Crafts, S.B., LL.D., Boston, Mass. 

Henry Platt Cushing, Cleveland, Ohio. 

Edward Murray East, iNLS., Ph.D., Boston, iMass. 

Prank Rattray Lillie, Ph.D., Chicago, 111, 

William E. Lingelbach, A.B., Ph.D., Philadelphia. 

Daniel Trembly MacDougal, A.iM., Ph.D., Tucson, Ariz. 

Charles Frederick Marvin, M.E., Washington, D. C. 

Lafavette Benedict Mendel, A.B., Ph.D., Sc.D., Xew Haven, 
Conn. 

Forest Ray Moulton. Ph.D., Chicago, 111. 

Eli Kirk Price. A.B., LL.B., Philadelphia. 

Erwin Frink Smith, Sc.D., Washington, D. C. 

William Morton Wheeler, Ph.D., Boston, Mass. 

Foreign Residents. 

Frank Dawson Adams, D.Sc.. Ph.D., F.R.S., Montreal. 

Wilhelm L. Johannsen. iM.D., Ph.D., Copenhagen. 

Joannes Diderik van der Waals, Ph.D., Amsterdam. 

Morning Session — p .55 o’clock. 

WiLLi.^M B. Scott, Sc.D., LL.D., \'ice-President, in the Chair. 

The following papers were read : 

“Two Xew Terms. Cormophytaster and Xeniophyte, axio- 
matically fundamental in Botany,” by William Trelease, 
Sc.D., LL.D., Professor of Botany, University of Illinois, 
Urbana. 

“Origin and \'egetation of Salt Marsh Pools,” by John W. 
Harshherger, Ph.D., Professor of Botany, University of 
Pennsylvania. 

“ The F, Generations, and Back-, and Inter-crosses of the Fj^ 
Hybrids between CEnothera nutans and pycnocarpa,” by 
George F. Atkinson, Ph.D., Head of Department of Botany, 
Cornell L’niversity. 

“ Inheritance through Spores,” by John M. Coulter, A.M., 
Ph.D., Professor of Botany, Universit}' of Chicago. 
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“The Dynamics of Antagonism." hy \\’. J. \'. Osicrhout. A.iNL, 
Ph.D., Professor of Botany, Harv.ird Univ. ( Intruiluced 
by Prof. Davis. ) 

"Jointing as a Fundamental Factor in tlie Degradatinn of the 
Lithosphere," by Frederick Ehrenfeld. I’h 1)., As'i'tant Pro- 
fessor of Geology, L'niversity of Penn<vl\ ania. ( Introduced 
by Prof. Amos P. Brown.') 

■■ Sinking Islands versus a Rising Ocean in the L'oral-Reef 
Problem." by William Morris Davis, Sc.D., Ph.D., Profes- 
sor Emeritus of Geolog}', Flarvard L’niversitv. 

“ The Petrology of Some South Sea Islamls and its Signifi- 
cance.” by Joseph P. Ridings. Sc.D.. late Professor of Petrol- 
ogy, L’niversity of Chictigo. 

" Coal Formation." by J. J. Steveiison. Ph.D., LL.D.. Emeritus 
Professor of Geology. Xew York Universitv. 

‘"California Lakes and the S^tlar Hypothesis of Climatic 
Changes," by EllsW'.-rth Huntington. iM .\... Ph.D.. Assistant 
Professor of Geography. Tale L'tiiversity. (Introduced by 
Tlr. Henry G. Bryant, i 

“ Color Photographs of the Phosphorescence of Certain Sul- 
phides.'’ by Edward L. Xichols. Ph.D.. LL.D., Professor of 
Physics. Cornell L'niversity. 

Afternoon Session — 3 o’clock. 

iLLiAM B. Scott. Sc.D., LL.D.. Vice-President, in the Chair. 

The following papers were read : 

A Xew and \ ery Sensitive Indicator for Acidimetrv and 
Alkalimetry and for Determining Hydrogen Ion Concentra- 
tions between the Limits of 6 and 8 on the Sorensen Scale,” 
by G. Scatchard and Marston T. Bogert, Ph.B., LL.D., Pro- 
fessor of Organic Chemistry, Columbia Universitv. 

“ Bacterio-chemical Studies of Decay of the Teeth,” by Wil- 
liam J. Gies, Ph.D., Professor of Biological Chemistrv, Co- 
lumbia University. 

“ The Human Gastric Secretion,” by TIartin E. Rehfuss, TED,, 
Research Associate in Physiological Chemistry, Jefferson 
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Medical L'ollet,fe, Philadelphia. (Introduced by Dr. Philip 
R. Hawk.) 

" Cerel)ral Localizatidii,” h\ Harvey Cu-hint,''. A.M., AI.D., Pro- 
fe.-"Or of Surgery, llarvard University. ( Introduced by Ur. 
Keen.) 

" The luorq-anic Constituents of Mtirine Inverlelirates,” by 
Frank W’isti^lesworth Clarke, D..sc., LI..D.. Chief Chemist, 
U. .S. ( ieological Survey. 

" .^onie Properties of \’il)ratin>( Telephone Diaphrtioius,” by 
A. F. Kennell}-, S.l)., A.M., Professtir of Flectrical Engi- 
neering, Harvard University, and H. O. Taylor, of Cam- 
bridge. 

“{A) Dimensional Ctise.s :uid the Law of Reflection of Gas 
Molecules from Soliil Walls; (B) The Metallic Reflection 
of Light from a (.ias,” by Robert Williams Wood, A.B., 
LL.D., Professor of Experimenttil Physics, Johns Hopkins 
L'niversity. 

‘‘ Some Relations between Matter and Radiation," by W'illiam 
Duane, .\,M., Ph.D., .Vssistant Professor of Physics and Re- 
search Fellow of the Cancer Commission, Harvard L'niver- 
sity. (Introduced by Prof. W. Goodsjteed.) 

“ Relation Iietween Chtuiges in Solar -\ctivity and the Earth’s 
Magnetic -\ctivity. ii)0-?-iiyT4,’’ by Louis Bauer, Ph.D., 
.'^c.U., Director of the Department of Terrestritil Magnetism 
of the Carnegie Institution, \\'ashington, D. C. 

Evenimj Scssiun — S o’clock. 

Leland Ossian Howard, Ph.D., M.D., LL.D., Chief of the Bureau 
of Entomologv, l.k S. Dept, of Agriculture, gave an illustrated lec- 
ture " On Some Disease-Bearing Insects.” 

Sat unlay, April ly. 

Exccutii'c Session — o.yo o'clock. 

Wir.Li.\:tr W. Ki-.r.x, Al.D., LL.D., President, in the Chair. 

The pending nomination^ for niemhcrship were reatl. 
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Secretaries Brown ami Keller aetetl as tellers of the election, 
and the Society proceeded to ballot tor inenihers. 

The Secretaries sul)SC(juently reported that the following'' nomi- 
nees had been elected to nieinhership : 

Residents of the United States. 

William Wallace Atterbury, A.M., Radnor, Pa. 
iMaxime Bncher, A.B., Ph.l) , Cambridjje, Mass. 

Percy M’illiams Bridgman, Ph.l)., Cambridge, Mas.'. 

James iMason Crafts, S.B., LL.l).. Boston, Mass. 

Pleim- Platt Cushing, Cleveland, Ohio. 

Edward iMitrray East, M.S., Ph.l)., Boston, Mass. 

Frank Rattray Lillie, Ph.D., Chicago, 111. 

William E. Lingelbach, A.B., Ph.D., Philadelphia. 

Daniel Trembly MacDougal, A.M., Ph.D., Tucson, Ariz. 
Charles Frederick Marvin. M.E., Washington, D. C. 

Lafayette Benedict Mendel, A.B., Ph.D., Sc.D., Xew Haven, 
Conn. 

Forest Ray iMoulton, Ph.D., Chicago, 111. 

Eli Kirk Price, A.B., LL.B., Philadelphia. 

Erwin Frink Smith, Sc.D., Washington, D. C. 

William iMorton Wheeler, Ph.D., Boston, Mass. 

Foreign Residents. 

Frank Dawson Adams, D.Sc., Ph.D., F.R.S., iMontreal. 

\\ ilhelm L. Johannsen, ^I.D., Ph.D., Copenhagen. 

Joannes Diderik van der \\ aals, Ph.D., Amsterdam. 

Morning Session — lo o’clock. 

Edward C. Pickering, D.Sc., LL.D., F.R.S. , Vice-President, in 

the Chair. 

The following papers were read : 

“Age Cycles and Other Periodicities in Organisms,” by C. )il. 
Child, Eh.D., Professor of Zoology, Universitv of Chicago. 
( Introduced by Prof. C. E. McClung. ) 
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“ Coi')j)or;ition as a Factor in 1-' volution.” by William Patten, 

A. M., Ph.U.. l‘rufe^^or of Zoology, Dartmouth College. 
(Introduced by Prof. II. II. Donaldson.) 

" ( )n the Fl'tects of Continue<l .Vdiuinisiration of Certain 
Poisoii' to the Donic'tic I'owl, with Special Reference to the 
Progeiu’," bv Ra\ nioiid Pe.arl, .\.H., Ph.D., Biologist, Waine 
.\gricultur;d F.xperinient .'Station. 

T\ pes of Xeuronm-'CuIar .Mechanism in Sea--\neiuones,” by 
( ieorge 11. Parker, .'^c.lC. Professor of Zoology. Harvard 
L'niver.'ity. 

■‘Determination of ,'^tellar Alagnitudes by Photography,” by 
F.dward L'. Pickering, Ph.D.. D..'^c.. LL.D.. Director of the 
( tbservalory. Harvard University. 

“ Monochromatic Photogr;ii)hy of Juj)iter, Saturn and the 
Moon " I illustrated by Color- Photographs made with the Alt. 
Wilson t>o-inch telescope), by Robert Williams Wood, A.B., 
LI.. I),. Professor of L.xperimenttd Physics. Johns Hopkins 
University. 

"(An the I'clipses of Jupiter’s Satellite.'.” by John O. Stewart. 

B. S.. of Ih'inccton. ( Introduced by Prof. H. X. Russell.) 
"On the Pruhtible Tenipenuure of Alars.” by Henry X^orris 

Russell. Ph.D., Professor of -\stronomy. Princeton Univer- 
sity. 

“A Xew Catalogue of A'ariahle Stars,” by .Annie J. Cannon, 
-A.AI. I Introduced by Prof. F.. C. Pickering.) 

" Legal and Political International Ouestions and the Recur- 
rence of W ar." by Thoinas W illing Balch, A.B., LL.B., of 
Philadelphia. 

Afternoon Session — j o'clock. 

Wii.Li.\M W. Kee.x, Al.D., LL.D.. President, in the Chair. 

Svmposium on International Law ; Its Foundation, ( tbligation and 
Future. 

(Jutline. 

bv Hon. John Ba"Ctt Aloore, LL.D., Alember of the Perma- 
nent (.'ourt at the Hague, late .Assistant Secretary of State. 



MINUTES 


xii 


fudicial A>]il'CIs: IntcrnatioiKil Arliitralicm, 

I)v 11(10. Uhark'iiia5.;;nc Tower. .\. 1 ’> . Ll,.l)., lale .\inl)a''a(lor 
to Germany 
Leni'lati\e A^J>eet.'■. 

I)\ Gie •ri^e Grafton \\ il-oii. A.M.. I'h.l).. LL.l).. I’rofe ^,^or of 
International Law, Harvard I’niver'ity. ( Introdneed l>y 
1 Rin. |u!m Iki'-eit iMoore. ' 

.Xdinini'trative .X^peci-', 

I)\ I’hilip Mar-'hall ISrown. A.M,. I’nife-.-or of International 
Law. I'rineeton L’niver-ity. i lnir((dneed l>v lion. C'harle- 
ma^'ne ddjwer. ) 

\\’orld (dri(anization. 

bv lion. David Jayne Hill. LL.D., Member of Perma- 

nent Admiitistrativc Council of the Hague Tribunal. Late 
-Vmba^sador to Germany. 

The following' ptiper wa.' read : 

'■ The Hies of the Blest.” 

b}' I’aul Haupt. Ph.D., LL.D.. Professor of Semitic Philol- 
ogy. Johns IIopkiiR L'niversity. 

Stated Meeting May 5, i<^iO. 

WiLLi-CM \\’. Ki:i;.\. M.D.. T-L.D.. President, in the Chair. 
iMessrs. W. W. Atterbury. and Eli K. Price. Jr., newly elected 
members, subscribed the Law- and were admitted into the Society. 
Letters accepting meniber?hip were received from: 

William Wallace Atterbur_\'. A.M.. Radnor. Pa. 

IMaxime B(l)cher. A.B.. Ph.D.. Caml)ridge. Mass. 

Percy W illiams Bridgman. Ph.D.. Cambridge, Mass. 

James Mason Crafts, S.B., LL.D., Boston, Ma.^s. 

Ilenr}- Platt Cushing, Cleveland, Ohio. 

TMward iMurray East, iM.S., Ph.D., Boston, Mass. 

Frank Rattray Lillie, Ph.D., Chicago, 111 . 

W illiam E. Lingelbach, A.B., Ph.D.. Philadelphia. 

Daniel Irembly iMacDou.g;il , .\.iM., Ph.D., Tuc.son, .\riz. 

Charles Frederick iMarvin, M.E... Washington, D. C. 
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Lafavettc i'.ciH-dict Mendel. A. 11 ., I’li.D., Sc.D.. Xew Haven, 

( '< inn. 

l-'(ire"t ieav Moultnn. I'liH, i'hie-a”(). 111. 

Hli Kirki'riee. l.L.ll. 1 ‘liiladeljihia. 

\\ illi.'iin Miirton \\ liei, ler. I’h.l).. Uo-ton. ^la.<'. 

I'rank l)a\\Min .Xilanw. l)..Sc.. I’h.l).. h.R.S.. Mdiitreal 
I’nif. Jnl'ii i;, Wat'i.n. nf llallinidre. read a paper on "The 
lldniine’ i’ri.lileii: in i'.inl-" 

S'irrJ Octohrr o. lo/o. 

W . !\':n. M 1 ). J.I-I).. I’re.'Hlent. in the Chair. 

Dr. \\ dihain 1 ',. l.hteelha.eh. a nev.ly el'-oted tiK-mher. 'ub.'Cribed 
the l.aw' and. a< .adinnted intn th.e Society. 

.\i\x:i;,a;'.ce' "f C.ect'i'n to meii’.ber'h.ip tvere received iTom : 

Crwi". 1 ', Sii’.ith. .''c I >.. Wa^hinyton, D. C. 

Joanite- Dider-'ck \ an der Wa;d'. I’h.D . .\ni>tcnlam. 

Wilhelm L Jdh.an"in. .M D.. Th D.. Copenhagen. 

Th.e decea'c wti' tmnonneed of 

.S;Iv.anti' rhillip' Thompfon. D.Sc.. LL.D.. at West Hamp- 
-tetid. Londeii. on June le. ipi6. tet. 65. 

Prof. Ca'ti'in Camille Ma.'pero. at Paris, on Time 30. 1916. 
a?t. 70. 

Sir William Ram-ay. K.C.lk. F.R.S.. on July 23. 1916. Kt. 64. 
Hon. Samuel A hitaker Ponnyi>acker. at Schwenksville. Pa.. 
Cin September 2. ipio. tet. 73. 

Tn^kah Rovce. Ph.D.. LL.D.. at Cambridge. IMas.s.. on Septem- 
ber 14. loP). a’t. 60. 

Hrm. Seth Low. at Bedford Hills. X. Y.. on September 17. 
i()i6. .Tt 60. 

Dr. A. Parker Hitchens read :i ptiper entitled "The Etiology 
and Pathogene-i-' of Hay h'ever a-. Related to our Present Knowl- 
edge of .\naph\ laxis " which wa.s discussed hy Dr. iMacfarlane. Dr. 
Davis. Prof. Mcl'arland and others. 

On motion the following was unanimously adopted : 
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" W’ur.REAS an oliort is bcin_<^ made to lirim; into eo-operation 
existin','' ttovernmeiital, educatnmal, industrial, anil nthcr research 
organizations with the object of encuura‘.^ing tlie iiu e'ligatiun of 
natural phenoniena. th.e tippb.caiion of scieinnic principles in Amer- 
ican industries, the eni])li)_\ meat of science in the ittitional defense, 
and such other objects as will jinmiote the ntitioiial welitire, and 
■' \\'iii:keas these objects ;-re tinioiig th.use for wliich tlie Ameri- 
can rhilosopliictil Society exists, 

" Xow riicrcjocc, rc i: rcs^'iiid tliat Tlie American 1 ’Itilosuph- 
ical Society hereb'c registers it' ;i])pro\:d of the co-ortlination tmd 
federation of the research agencies of tlie country tnnl expresses its 
willingness to join with and tissist tlie Xatioiitil Research Council, 
organized bj- tlie Xational Academy of Sciences to accomplish the 
above federation.” 

Suited Mcctir.fj Xoz'Cinber ?• r'i/o. 

William W. Klf.x, M.D.. LL.D.. President, in the Chair, 

The decease of the following members was announced: 

James }iIorgan Hart, A. 3 . 1 .. at Washington. D. C., on April i8, 
1916. tet. 77. 

Theodore Xewell Ely. C.E, on October 2S, 1916, tet. 70. 

The following papers were read : 

" Obituary notice of Prof. I'rederick W. Putnam," by 3 Irs, 
Cornelius Stevenson. 

“Obituary Xotice of Prof. Gaston ^laspero.'’ by Dr. klorris 
Jastrow, Jr. 

“ Conservation of Horses in War," by Dr. C. J. klarshall. 

Stated Meeting December i, IQ16. 
iLLiAM W. Keen, 3 LD.. LL.D.. President, in the Chair. 

The decease was announced of ; 

Cleveland Abbe, A. 31 ., S.B., Ph.D., at Chevy Chase. Washing- 
ton, D. C., on October 28, 1916, tet. 78. 

Percival Lowell. A.B.. LL.D., at Flagstaff, Arizona, on No- 
vember 12, 1916, set. 61. 
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Mr. Hampton L. Uar.^on read an “Obituary notice of Samuel 
Dick.'^on, 

Mr. W’. L. Stevenson read a jtajjer on " Tlie Sewage Disposal 
Problem (.'onfroming the I'ity of Philadelphia.'’ which was dis- 
cussed bv Dr. .\. C. .\bhott. Dr. W. P. WiPon and Dr. Keen. 

Dr. Keen ])rescnted the Annual .\ddress of the President. 
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